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ANZASTHESIA ADVERTISEMENT 


*Fluothane’ 
for anaesthesia in 
dental surgery 


Recognised throughout the world as an advance 
in modern anaesthesia, ‘Fluothane’ is now being 
used increasingly in dental surgery. Recent 
publications* in this field have reported on its 
successful use in patients of all ages, and atten- 
tion has been drawn to the advantages of 
‘Fluothane’ for dental anaesthesia. 


Hypoxi 
Requires no premedication. 

Salivary secretions suppressed. 

Early relaxation of jaw. 
Non-inflammable and non-explosive. 
Provid 
obtainable by other methods. 


Filuothane-.. 1.C.I. discovery 


Available in bottles of 250 ml. 
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THE COTEL-KEATING 
PULSE MONITOR 


(BRITISH PATENT No. 821172) 


METHOD OF ATTACHMENT: 


TO DIAPHRAGM OF TRANSDUCER. 


== TO FINGER PULP OF FINGER; 


original instrument is still in service after over ten years’ clinical use, it is robust, 


and once attached to the patient’s finger or toe, requires 
er attention. 


"The lecrcl circuit has been simplified so that maintenance, other than replacement 
of a standard flash-light battery twice yearly, is eliminated. 


It is designed to ‘fail safe’ and irrespective of the blood pressure, instant 


experience. 

Cardiac arrhythmias which affects its output can be seen at once. 

Besides detection of circulatory disorders under anesthesia it is useful as 2 teaching 
aid for medical students and nurses, as a warning device in recovery and acute treatment 
wards and as an indicator of the efficiency the 
splints or in peripheral arterial disease. 


* KEATING, V. J. (1952). Brit. Med. i, 1188. 
Literature available on request. Manufacturers and Distributors. 


G. COATES LIMITED 
HOPE WORKS, TRAFALGAR STREET, BURNLEY 


A 
| 
| 
| 
: 
ill 


ANASTHESIA ADVERTISEMENT 


ALLEN” 
« HANBURYS LTD 


introduce 
THE SEALEY Portable 


DEFIBRILLATOR 


—ready for immediate use 
in cardiac emergencies 


DESCRIPTIVE LITERATURE 
AVAILABLE ON REQUEST 


NOTE: This Portable Defibrillator is only 
one of a comprehensive range of Sealey Electrical 
Cardiac Resuscitation Apparatus, including 
internal and external defibrillators and cardiac 
pacemakers. 


SOLE WORLD O/STRIBUTORS 


ALLEN & HANBURY S LTD  (Surgicat Divisioryn LONDON €E2 
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BLEASE of LONDON 
presents 


THE MANLEY VENTILATOR 


FEATURES: 


from the gas supplied an anaesthetic apparatus with no loss 
of volume. Flow given by the Rotameters equals the minute volume 
delivered to the patient. 


Minute volume, tidal volume, frequency of ventilations, inflation pressure 
and duration of inflation independently and continuously variable. 


Non-rebreathing circuit, the whole of the expiratory side of the patient 
circuit easily cleaned or sterilized. 


Non-electric, safe with explosive mixtures. 
Instantaneous change to manual ventilation with a bag. 


Weight 29 Ib., easily portable and will run off any cylinder or pipeline 
supply. 


(A description appeared in ‘Anzsthesia’, July 1961, Vol. 16, No. 3) 


For full details write to 


BLEASE ANAESTHETIC EQUIPMENT LTD. 
RYEFIELD CRESCENT, NORTHWOOD HILLS, MIDDLESEX. 


Please note slight alteration in telephone number Northwood 22413. 
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BLEASE of LONDON 


Now available in / Models 


THE ‘‘PULMOFLATOR” 


(Reg. Trade Mark) 


LATEST FEATURES 
Cycling of inflation by ‘pressure’ and ‘volume’ or a combination of 
both. 
Positive and negative pressure phases. 
Patient triggering device for ‘assisted’ respiration. 
Resuscitation with atmospheric air. 
Standard models (respirator only). 
Combined models (combined with anazsthetic apparatus etc.). 
Large capacity pump unit to provide up to 140 litres of air per minute 
for a rapid inflation. 


For full details write to 


BLEASE ANAESTHETIC EQUIPMENT LTD. 
RYEFIELD CRESCENT, NORTHWOOD HILLS, MIDDLESEX. 


Please note slight alteration in telephone number, Northwood 22413. 
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BLEASE of LONDON 


NEW 


The full range of 
‘‘PULMOFLATOR” models 


(Reg. Trade Mark) 


with all existing features 
can now be supplied to work 
directly from any compressed 
air line with a minimum 

flow of 140 litres 


FEATURES: 
No electrical components. 
Extra valve for controlling speed of inflation. 
Absolutely free from vibration. 
Minimum of servicing. 


Draw for accessories may be fitted in space previously provided 
for electric motor and pump. 


Quotations available for supplying dry pump unit complete with pipe line 
suitable for use with the above. 


For full details write to 


BLEASE ANAESTHETIC EQUIPMENT LTD. 
RYEFIELD CRESCENT, NORTHWOOD HILLS, MIDDLESEX. 


Please note slight alteration in telephone number Northwood 22413. 
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‘Vallergan’ Forte 
Syrup 


specially flavoured 
for children 


Each teaspoonful (3°6 mi.) contains 22 mg. 
trimeprazine tartrate 


An M&B brand Medical Product 


Manufactured by 


MAY & BAKER LTD 


Distributors 
PHARMACEUTICAL SPECIALITIES (MAY & BAKER) LTD - DAGENHAM 


MA8692/85 
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duncaine’ 


The new name for 


Lignocaine and your guarantee 


that it is from 


DUNCAN FLOCKHART OF EDINBURGH 


The Doctors’ House 


*A registered trade mark, the property of 
DUNCAN, FLOCKHART & CO LTD EDINBURGH 11 
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Sofnol non-hygroscopic Soda-lime is used in leading London Hospitals 
and throughout the world for anaesthetic and metabolic apparatus. 


SOFNOL 


NON-HYGROSCOPIC 
SODA-LIME 


SOFNOL LTD., WESTCOMBE HILL, GREENWICH, LONDON, $.E.10 
D/TAS/SL.324 
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ADVERTISEMENT 


reduce 


Adrenoxyl* is a capillary 
haemostatic which re- 
duces the mean capillary 
bleeding time by increas- 
ing the contractility and 
resistance and decreasing 
the permeability of the 
capillary wall. 
*adrenochrome 
monosemicarbazone dihydrate 


the 


| safely 


Adrenoxyl is safe, gives 
rise to no side-effects, and 
there are no _ contra- 
indications to its use. 
It does not affect pulse 
rate, blood pressure or 
blood coagulation. 


mean bleeding time... 


Reports have been receiv- 
ed that Adrenoxyl reduces 
the amount of blood lost 
duringoperation,andsug- 
gesting that it has a defin- 
ite place in routine sur- 
gical procedures. It is 
available in ampoules for 
intramuscular or subcut- 
aneous injection and in 
tablets for oral adminis- 
tration. 


Adrenoxyl is a 
Horlicks pharmaceutical product 


Further information is obtainable from: 
PHARMACEUTICA) 


HORLICKS LIMITED + 


xii 


L DIVISION + SLOUGH + BUCKS 


| 
Simply... 
|__| 


ADVERTISEMENT ANASTHESIA 


Presenting the 


VIDEOGRAPH 
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Designed for routine 
monitoring of cardiac traces 


Can be safely used in the 


presence of explosive gases 


MEDICAL & INDUSTRIAL EQUIPMENT LTD. 


SPECIALISTS IN ANAESTHETIC APPARATUS & SURGICAL INSTRUMENTS 
10 & 12, NEW CAVENDISH STREET, LONDON, W.1. 
Telephone: WELBECK 185! & 1504, Telegrams: NARCOSIS, LONDON. 


MANCHESTER: 152-154 Oxford Road S TORONTO, CANADA: 132 St. Patrick Street 
Phone: Ardwick 5906 Phone: Walnut 3-3845 
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The best of the current literature in brief... 


Survey of Anesthesiolog y 


Edited by C. Ronald Steven First published 1957 


A bi-monthly survey of worldwide literature relating to 
anesthesiology, in succinct condensations to which are 
appended pithy editorial comments. 

The logical solution to the doctor's dilemma of more 
and more literature and less and less time in which to 
read it. The fastest growing journal in the field. 

Adds breadth of coverage to the depth you are now 
getting from the standard journals. Subscribe today! 


Organized under the following headings 
Editorial Pharmacology Physiology Biochemistry 
Metabolism Techniques General anesthesia 
Spinal and regional anesthesia Pediatric anzsthesia 
Geriatric anzesthesia Preoperative care 
Postoperative care Classical file 


Published bi-monthly, one volume a year, by 
THE WILLIAMS & WILKINS COMPANY 
Baltimore, Maryland, U.S.A 

Volume 5 current in 1961 


Available in the United Kingdom from 
Baillidre, Tindall & Cox, Ltd 
7 & 8 Henrietta St., Covent Garden, London, W C 2 
Annual subscription £4:6:0 postage paid 
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MORTIMER RESPIRATOR 


(Mk 


NOW AVAILABLE - 


Further particulars from 
COVENTRY & JEFFS 
(Engineering Department) 


STAFFORD ST., BEDMINSTER, BRISTOL, 3 
Telephone 66 —4661 
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LUCY BALDWIN 
APPARATUS FOR 
OBSTETRIC ANALGESIA 


The Lucy Baldwin Apparatus is designed for the administration of 
nitrous oxide and oxygen mixtures for analgesia in obstetric practice. 
Gas mixture, which may be varied between 70% nitrous oxide/30°%, 
oxygen and 100°. oxygen, conforms accurately to the value selected 
on the control dial no matter how draw-off conditions may change. 
The analgesic properties of nitrous oxide may thus be exploited to the 
full whilst at the sametime maintaining adequate oxygenation. Thegas 
mixture flows only in response to the patient’s inspirations and safety 
cut-off valves eliminate any possibility of inhalation of pure nitrous 
oxide in the event of undetected failure of the oxygen supply. We 
shall be glad to send you illustrated literature on request. 


BRITISH OXYGEN IN THE SERVICE OF MEDICINE 


THE BRITISH OXYGEN COMPANY LIMITED 
MEDICAL DEPARTMENT. SPENCER HOUSE, 27 ST. JAMES’S PLACE, LONDON, S.W.1 
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EDITORIAL 


When the average medical student qualifies, he has very little know- 
ledge of medico-legal matters. After a short time in practice, however, 
it gradually dawns on him that he is taking risks every day by in- 
advertently transgressing some of the innumerable rules and regula- 
tions with which medicine is beset. A well known legal luminary has 
said that it is virtually impossible to drive a car for one day without 
breaking the law in some respect and, if this is true of the motorist it is 
even more true of the doctor. The combination of the National Health 
Service and legal aid has altered the whole mentality of many patients, 
and if any complications follow an operation under anesthesia, the 
tendency is to sue someone for damages, and the anesthetist may well 
be included as a co-defendant. 

Turning from the general to the particular, the medico-legal position 
regarding anesthetists is far from satisfactory. In this issue we review 
a new book on the subject, and it will be clear that sooner or later the 
individual anesthetist will be confronted with the choice of doing 
what he thinks best for his patient and what he thinks is the safest 
method for himself from the medico-legal angle. It is but human to 
hesitate when confronted with the possibility of a law suit. Even if the 
defendant anesthetist wins, it will involve him in prolonged worry, 
anxiety, loss of time and damaging publicity. While proved negligence 
must never be condoned and most coroners are scrupulously fair, the 
outspoken comments of a very small minority which are seized upon 
by the sensational press, have had the effect of making junior house 
officers very unwilling to give the simplest anesthetic. The categorical 
statements of medical ‘experts’, who may not have been in an operating 
theatre for forty years, tend to become regarded as authoritative 
‘dicta’, and are unhelpful in future cases. The effects of ‘the Woolley 
and Roe case’ (Anesthesia 1954, p. 249) on spinal analgesia in this 
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country might be cited as an example of how the law can influence the 
choice of anesthetic technique apart from purely medical considera- 
tions. 

How then is the anesthetist to act according to his conscience and 
in the best interest of his patients? We would like to suggest that the 
following line of action may be helpful for consideration by our 
readers in dealing with any particular case. 

(1) Make certain that your subscription to the Defence Society is paid 
up to date. 

(2) Read the patient’s notes or at any rate a summary of them and 
make sure that the patient presented is actually the one referred to in 
the notes. 

(3) Verify that a consent form has been signed, bearing in mind that 
a responsible patient, although under twenty-one, should sign 
personally if possible. 

(4) Use the anesthetic technique which you believe to be in the best 
interests of the patient, regardless of previous pronouncements by 
medico-legal experts. A sound guide is to use the method which you 
would wish to be employed on yourself if you were the patient. 


(5) Should any mishap or complication arise, write out a detailed 
account with the relevant times on the same day. Send this at once to 
the Defence Society and act entirely on their advice. 

Readers will doubtless think of many other precautions, but the 
ones submitted above are perhaps the most essential. 
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Studies on the clinical and pathological effects 
of hydroxydione* 


J. D. ROBERTSON, MD, FRCPE, FFARCS 


Department of Anesthetics, Edinburgh University 
and Royal Infirmary, Edinburgh 


A. WYNN WILLIAMS, MD, PhD, DCP 


Department of Pathology, Edinburgh University 
and Royal Infirmary, Edinburgh 


Selye! reported in 1941 that various steroid hormones, especially DCA 
and progesterone, produced general anesthesia in rats and mice if in- 
jected intraperitoneally. It was not until 1955, however, when a water- 
soluble, hormonally-inactive derivative of pregnanedione : 21-hydroxy- 
pregnane-3, 20-dione sodium hemisuccinate (hydroxydione) was syn- 
thesised2 that steroid anesthesia was first used in man. In the early 
clinical trials hydroxydione (Viadril) was administered by intravenous 
infusion as it was believed that venous irritation was less liable to occur 
when the drug was well diluted. This was achieved by injecting 2.5 per 
cent hydroxydione solution into a fast running drip3 45 or by the rapid 
infusion of 0.1 to 1.0 per cent hydroxydione in 5 per cent dextrose in 
distilled water or in normal saline solution‘ 67 § 9 19, Although these 
reports expressed satisfaction with the basal anesthesia produced by 
hydroxydione, the methods of administration were unsatisfactory be- 
cause the giving of large volumes of fluid at a fast rate was often un- 
desirable, the induction time was prolonged and occasionally pain in 
the arm was experienced by the patient during the infusion. Further, 
while some workers reported an incidence of venous irritation of only 
3 in 125 patients following hydroxydione infusion}, others gave figures 
as high as 77.5 per cent®. Because of the inconvenience of the method 
and the undesirable features just mentioned hydroxydione did not 
receive wide acceptance at this time. 

Within the past few years the introduction of a new hydroxydione 
preparation (Presuren) and the work of Stedtfeld!! in Germany has 
reawakened interest in steroid anesthesia. This compound, though 


* This paper was awarded a prize by the Council of the Association of Anzsthetists 
1961 
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chemically identical with Viadril possesses several physical differences, 
particularly a smaller average particle size. Stedtfeld reviewed the fac- 
tors which might be responsible for vein irritation and claimed that by 
injecting hydroxydione rapidly in a concentration of 5 or 10 per cent 
and using warm physiological saline as solvent, the induction time was 
shortened and the incidence of thrombophlebitis was virtually elimin- 
ated. In his series of 158 surgical patients, who received 5 per cent 
hydroxydione solution in eighteen to thirty seconds, signs of tissue 
irritation in the region of the injection were observed in 12, 6 being the 
result of accidental extravenous injection. When hydroxydione was 
given still more rapidly (eight to fifteen seconds) and in higher 
concentration (10 per cent) no phlebitis was observed. 

Stedtfeld’s method received enthusiastic support from other German 
workers, particularly Opderbecke!3 who claimed that vascular irri- 
tation following hydroxydione injection occurred ‘exceptionally’. He 
suggested that, as a further precaution, the hydroxydione solution 
should always be injected into a large vein which is full of blood. In 
Britain, Landau!4 found evidence of thrombophlebitis in 2 out of a 
series of 120 surgical patients who had received hydroxydione in a 2.5 
per cent solution by rapid injection. Galley and Lerman!5 recom- 
mended further modifications of the technique of hydroxydione admin- 
istration aimed at reducing stagnation in the injected vein thus mini- 
mising the time that the vascular endothelium was exposed to the 
irritant solution. These included the use of a wide-bore needle, eleva- 
tion and gentle massage of the arm in a proximal direction following 
injection and avoidance of flexion of the elbow to prevent trapping of 
hydroxydione in the forearm and hand. They also supported Grewe’s 
claim!2 that the use of 0.25 per cent procaine solution as solvent 
instead of saline reduced the incidence of pain in the arm or shoulder 
sometimes experienced during or immediately following hydroxydione 
injection. Following the injection of 5 and 10 per cent solutions of 
hydroxydione by this technique to 104 patients, these workers observed 
a painful venous thrombosis at the site of injection in two cases. They 
also reported, however, that a non-painful venous thrombosis was 
found in 26 of their patients, but observed that thiopentone has a post- 
anesthetic thrombosis rate between 17 and 20 per cent which, being 
painless, frequently goes unnoticed. The number of patients involved 
and the concentration of thiopentone used in the latter series are not 
indicated and the incidence reported is in contrast with that of Hutton 
and Hall'* who detected only one minor thrombosis at the site of 
injection of 5 per cent thiopentone in 200 surgical patients. 

The present investigation was undertaken to assess the merits of 
hydroxydione in clinical anesthesia, to determine the incidence and 
pathology of the venous thrombosis in patients and experimental 
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animals and to define the value of measures aimed at its prevention. 


METHODS 


The series comprises 359 patients undergoing elective or emergency 
surgical operations in a general surgical unit, who received hydroxy- 
dione by the rapid injection technique incorporating the modifications 
already detailed. During the same period a further 300 patients were 
given sodium thiopentone in the usual way for induction of anesthesia ; 
in 100 of these patients a 2.5 per cent solution was used and in 200 a 
5 per cent solution. 

The hydroxydione series consisted of six groups: 

(1) 103 patients received 5 per cent hydroxydione (Presuren) 

(2) 50 patients received 2.5 per cent hydroxydione (Presuren) 

(3) 51 patients received 10 per cent hydroxydione (Presuren) 

(4) patients received 5 per cent hydroxydione (Viadril) 

(5) 53 patients received 5 percent hydroxydione(Presuren), but 
following the injection the vein was washed through with 10ml of 
warmed normal saline. 

(6) 51 patients received 5 per cent hydroxydione (Presuren) during 
the period of reactive hyperemia which followed three minutes 
of arterial occlusion as recommended by Dundee and McArdle'’. 

In another 100 cases not included in the above series two further 
modifications in the technique of administration of hydroxydione have 
been employed. 

1. Following the report by Dudley and McNair!* that hydro- 
cortisone added to infusion solutions prevented venous thrombosis 
and thrombophlebitis, 50 patients were given 5 per cent hydroxydione 
procaine solution to which 10-20mg hydrocortisone had been added. 

2. As it has been suggested that delayed mixing of hydroxydione 
with blood might be a factor in producing venous thrombosis, an at- 
tempt was made to ensure that thorough mixing occurred by with- 
drawing 10ml of blood into a heparinised syringe containing the 5 per 
cent hydroxydione-procaine solution in 50 patients. The hydroxydione- 
blood mixture was then injected rapidly intra-venously as before. 


RECORDING 


Following the injection of hydroxydione or thiopentone, a record card 
was prepared for each patient with details of name, age, operation, 
concurrent disease (particularly evidence of vascular disease), position 
of the vein injected, any difficulty in making the injection and the 
position of the patient during the injection and during the subsequent 
surgical operation. 

Forty-eight hours after anesthesia and surgery the patient was seen 
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by a surgical registrar and the following observations made and 
recorded on the card: 
(1) Any complaint by the patient of pain or discomfort in the 
injected arm. 
(11) Presence of venous thrombosis and its dimensions. 

(111) Evidence of tenderness on palpation, redness or swelling at the 

site of injection or proximally in the arm. 

(tv) Presence of ecchymosis at the site of the venepuncture and its 

dimensions. 

Following this inspection the patient was kept under observation 
during the remainder of his stay in hospital and any subsequent com- 
plication was recorded. Thereafter, upon his discharge, the following 
details were entered on the card: 

(1) Drug used with dose and technique of administration 
employed. 

(11) Where thrombosis was present this was graded as: trace — less 

than | in; moderate — 1 to 4 in and extensive — more than 4 in. 

(111) Ecchymosis when present was graded as: trace — less than 4 in 

in diameter; moderate — 4 to 1 in in diameter ; extensive —- more 
than 1 in in diameter. 

The appropriate holes were then punched and the card filed. 


RESULTS 


Clinical: All the patients in the series received a light premedication 
with an opiate (10-20mg pantopon) and 0.6mg of atropine. 

Because of the slower onset of unconsciousness with hydroxydione, 
it was not possible to titrate the dosage against effect produced as with 
thiopentone. The rapid method of injection was, therefore, not a dis- 
advantage in this respect and reduced the onset of unconsciousness to 
two to five minutes. The dosage used was usually in the range 0.5 to 
1.0g (approximately 6mg/Ib body weight). As suggested by Stedtfeld!! 
it would seem that increasing the dose tended to increase the duration 
rather than the depth of anesthesia. Although a further five or six 
minutes was usually required before relaxation was sufficient to enable 
endotracheal intubation to be carried out, amnesia was complete within 
a few minutes of completing the intravenous injection. When sufficient 
time was allowed, the laryngeal reflexes were usually sufficiently ob- 
tunded to enable endotracheal intubation to be carried out easily. In 
most cases, however, once the patient had become drowsy with 
hydroxydione, an anesthetic mask was placed on the face and the 
patient allowed to inhale nitrous oxide-oxygen or halothane and oxy- 
gen. Thirty to fifty mg of suxamethonium chloride was injected intra- 
venously. Prior to intubation the vocal cords were sprayed with 4 per 
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cent lignocaine and in a few instances when time was pressing a small 
dose of thiopentone (0.2-0.3g) was given immediately after the 
hydroxydione. Anesthesia was maintained throughout operation with 
nitrous oxide and oxygen supplemented, when necessary, by trichlor- 
ethylene or halothane and with a muscle relaxant drug for intra- 
abdominal operations. In this series no further injections of hydroxy- 
dione were given. 

Respiratory depression was slight and, in extra-abdominal pro- 
cedures where no muscle relaxant or halothane was given, the tidal 
exchange was usually adequate. For abdominal operations, spontan- 
eous respiration was abolished with d-tubocurarine and pulmonary 
ventilation effected by a mechanical respirator. The pulse rate immedi- 
ately after the rapid injection of hydroxydione solution regularly show- 
ed a slight increase. This was, however, transient and returned to about 
the pre-anzsthetic level as unconsciousness supervened. As the pulse 
rate slowed there was generally a gradual and steady decline in both 
systolic and diastolic blood pressure levels. This trend was usually 
reversed by intubation and the surgical stimulus. In those few cases 
where the blood pressure continued to fall after the operation had 
started, a small dose of methoxamine (5mg) brought the pressure up 
to a satisfactory level. When a moderate degree of hypotension was 
considered desirable, this was easily achieved by adding a low 
concentration of halothane to the inspired mixture. 

The duration of the recovery of consciousness following withdrawal 
of the anesthetic at the end of operation depended on the dosage of 
hydroxydione administered and on the duration of the operation. In 
general, the effect of 0.5g of hydroxydione lasted for about forty-five 
minutes and 1 .0g for about one-and-a-quarter hours, but this depended 
to some extent on the general condition of the patient and on the 
severity of the operation. No attempt was made to compare the re- 
covery time of patients who received hydroxydione with that of patients 
who were given more conventional forms of anesthesia, but there was 
no case in the series in which recovery was unduly delayed. 


Complications 
Complaint of pain during or immediately following the rapid injection 
of hydroxydione was not a very frequent or serious complication in the 
present series — 24 times in 359 patients (6.7 per cent). This may be due 
to the use of 0.25 per cent procaine as solvent. There are, however, two 
interesting features associated with the incidence of pain. 

(1) Although only 13.5 per cent of the patients in the hydroxydione 
series had injections into veins at the wrist or on the dorsum of the 
hand, one-third of the patients who complained of discomfort at the 
time of the injection received an injection at one of those sites. In fact, 
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by a surgical registrar and the following observations made and 
recorded on the card: 
(1) Any complaint by the patient of pain or discomfort in the 
injected arm. 
(11) Presence of venous thrombosis and its dimensions. 

(111) Evidence of tenderness on palpation, redness or swelling at the 

site of injection or proximally in the arm. 

(Iv) Presence of ecchymosis at the site of the venepuncture and its 

dimensions. 

Following this inspection the patient was kept under observation 
during the remainder of his stay in hospital and any subsequent com- 
plication was recorded. Thereafter, upon his discharge, the following 
details were entered on the card: 

(1) Drug used with dose and technique of administration 
employed. 

(11) Where thrombosis was present this was graded as: trace — less 

than | in; moderate — | to 4 in and extensive — more than 4 in. 

(111) Ecchymosis when present was graded as: trace — less than 4 in 

in diameter ; moderate — 4 to 1 in in diameter; extensive — more 
than 1 in in diameter. 

The appropriate holes were then punched and the card filed. 


RESULTS 


Clinical: All the patients in the series received a light premedication 
with an opiate (10-20mg pantopon) and 0.6mg of atropine. 

Because of the slower onset of unconsciousness with hydroxydione, 
it was not possible to titrate the dosage against effect produced as with 
thiopentone. The rapid method of injection was, therefore, not a dis- 
advantage in this respect and reduced the onset of unconsciousness to 
two to five minutes. The dosage used was usually in the range 0.5 to 
1.0g (approximately 6mg/lb body weight). As suggested by Stedtfeid!! 
it would seem that increasing the dose tended to increase the duration 
rather than the depth of anesthesia. Although a further five or six 
minutes was usually required before relaxation was sufficient to enable 
endotracheal intubation to be carried out, amnesia was complete within 
a few minutes of completing the intravenous injection. When sufficient 
time was allowed, the laryngeal reflexes were usually sufficiently ob- 
tunded to enable endotracheai intubation to be carried out easily. In 
most cases, however, once the patient had become drowsy with 
hydroxydione, an anesthetic mask was placed on the face and the 
patient allowed to inhale nitrous oxide-oxygen or halothane and oxy- 
gen. Thirty to fifty mg of suxamethonium chloride was injected intra- 
venously. Prior to intubation the vocal cords were sprayed with 4 per 
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cent lignocaine and in a few instances when time was pressing a small 
dose of thiopentone (0.2-0.3g) was given immediately after the 
hydroxydione. Anesthesia was maintained throughout operation with 
nitrous oxide and oxygen supplemented, when necessary, by trichlor- 
ethylene or halothane and with a muscle relaxant drug for intra- 
abdominal operations. In this series no further injections of hydroxy- 
dione were given. 

Respiratory depression was slight and, in extra-abdominal pro- 
cedures where no muscle relaxant or halothane was given, the tidal 
exchange was usually adequate. For abdominal operations, spontan- 
eous respiration was abolished with d-tubocurarine and pulmonary 
ventilation effected by a mechanical respirator. The pulse rate immedi- 
ately after the rapid injection of hydroxydione solution regularly show- 
ed a slight increase. This was, however, transient and returned to about 
the pre-anzsthetic level as unconsciousness supervened. As the pulse 
rate slowed there was generally a gradual and steady decline in both 
systolic and diastolic blood pressure levels. This trend was usually 
reversed by intubation and the surgical stimulus. In those few cases 
where the blood pressure continued to fall after the operation had 
started, a small dose of methoxamine (Smg) brought the pressure up 
to a satisfactory level. When a moderate degree of hypotension was 
considered desirable, this was easily achieved by adding a low 
concentration of halothane to the inspired mixture. 

The duration of the recovery of consciousness following withdrawal 
of the anesthetic at the end of operation depended on the dosage of 
hydroxydione administered and on the duration of the operation. In 
general, the effect of 0.5g of hydroxydione lasted for about forty-five 
minutes and 1 .0g for about one-and-a-quarter hours, but this depended 
to some extent on the general condition of the patient and on the 
severity of the operation. No attempt was made to compare the re- 
covery time of patients who received hydroxydione with that of patients 
who were given more conventional forms of anesthesia, but there was 
no case in the series in which recovery was unduly delayed. 


Complications 
Complaint of pain during or immediately following the rapid injection 
of hydroxydione was not a very frequent or serious complication in the 
present series — 24 times in 359 patients (6.7 per cent). This may be due 
to the use of 0.25 per cent procaine as solvent. There are, however, two 
interesting features associated with the incidence of pain. 

(1) Although only 13.5 per cent of the patients in the hydroxydione 
series had injections into veins at the wrist or on the dorsum of the 
hand, one-third of the patients who complained of discomfort at the 
time of the injection received an injection at one of those sites. In fact, 
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the incidence is significantly higher for the hand than for the elbow or 
forearm, with the wrist intermediate (TABLE 1). This supports the 


Table 1 


Incidence of pain following injection of hydroxydione 
PROPORTION 
OF 

PAIN 

+SE 

0.06 +0.02 
0.02 + 0.02 
0.04 +0.04 
0.10+0.05 
0.28+0.11 


4 
1 
1 
3 
5 


finding of Galley and Lerman !® that pain is more likely to occur when 
the hydroxydione is given into smaller vessels. 

(2) Venous thrombosis was no more common in patients who had 
complained of pain than in those who made no complaint at the time 


Table 2 


Relation between injection pain and thrombosis following hydroxydione 
NUMBER 
OF NO 
PATIENTS THROMBOSIS 


Complaintof No 24 14 
pain after 

injectionofHd % 6.7 58.4 
Percen in 

whole Hd series 359 59.9 


of injection (TABLE 2). However, when thrombosis did occur it was 
more frequently extensive and often associated with signs of thrombo- 
phlebitis. In two patients signs of inflammation in the region of the 
hydroxydione injection were present without apparent venous throm- 
bosis in the injected vein. This was probably due to some leakage of 
the drug into the extravenous tissues. The age of the patient, presence 
of associated peripheral vascular disease and dosage of hydroxydione 
were not significantly related to the incidence of discomfort on 
injection. 

No patient complained of pain during the injection of sodium 
thiopentone. 


Venous thrombosis: T ABLE 3 shows the incidence of thrombosis and 
thrombophlebitis in the hydroxydione and in the two thiopentone 


Table 3 
Incidence of venous thrombosis and thrombophlebitis 

METHOD NUMBER PAINLESS THROMBOSIS 
OF oF THROMBOSIS (PER CENT) 
INJECTION PATIENTS SMALL EXTENSIVE 
Fast 359 x 31.5 3.6 
Slow 200 ‘ 11.0 0.5 
Slow 100 J a 1 


THROMBOSIS SMALL EXTENSIVE SMALL EXTENSIVE 
2 3 2 2 3 
8.3 a 8.3 12.5 
3.6 35. 2.2 2.8 
THROMBOPHLEBITIS 
DRUG (PER CENT) 
SMALL EXTENSIVE 
2.2 2.8 
1.5 0.5 
STP 2.5% 0 
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series. In TABLE 4 these are shown as proportions. The proportions of 
thrombosis in the three series all differ significantly and the incidence 


Table 4 
Proportion of thrombosis and thrombophiebitis 
PROPORTION PROPORTION 
OF OF 


THROMBOSIS 
+SE +SE 


0.40 + 0.02 0.05 +0.01 
Sod. thiopentone 5%, 200 0.14+0.01 0.02 +0.01 
Sod. thiopentone 2.5 0.05 + 0.02 0 


of thrombophlebitis with hydroxydione differs significantly from that 
with thiopentone. There is no significant difference in the incidence of 
thrombosis observed in the six methods by which the hydroxydione 
was administered (TABLE 5). 


Table 5 
Methods of administration of hydroxydione and incidence of thrombosis 


oF 
HYDROXYDIONE 


When the incidence of an inflammatory reaction (indicated by the 
presence of tenderness on palpation, complaint of pain in the arm of 
redness or swelling in relation to the injected vein or its tributaries) is 
assessed in relation to the thrombosis, it can be seen that the proportion 
is significantly higher for extensive thrombosis than for the other two 
groups (TABLE 6). It will be noted that, despite the care taken to ensure 


Table 6 


Proportion of inflammatory reaction following hydroxydione 


PROPORTION OF 
INFLAMMATORY 
REACTIONS 


No thrombosis 2 0.06 + 0.02 
Small thrombosis 2 8 0.06 +. 0.02 
Extensive thrombosis 0.43+0.10 


that the drug was injected into the vein, a number of patients showed 
an inflammatory reaction in the absence of clinical evidence of venous 
thrombosis. 

At attempt has also been made to assess the importance of various 
factors possibly related to venous thrombosis. No significant difference 
has been noted in the incidence of thrombosis in relation to the type of 


DRUG 
PATIENTS MBO se. 
CONCENTRATION METHOD OF NUMBER NO PAINLESS THROMBOSIS THROMBOPHLEBITIS a 
ADMINISTRATION OF THROMBOSIS 
PATIENTS SMALL EXTENSIVE SMALL EXTENSIVE 
Presuren 5% Rapidinjection 103 64 27 a 
Presuren2.5%  Rapidinjection 50 29 19 0 1 
Presuren 10% Rapid injection 51 29 18 3 0 1 BS, 
PresurenS% Reactive 
hyperemia 51 31 15 2 2 1 Rae 
Washed in 33 31 17 3 0 2 
Viadril 5% Washed in $1 31 17 1 1 i ee 
f 
NUMBER NUMBER OF 
OF INFLAMMATORY 
PATIENTS REACTIONS 
eat 
a 
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operation performed, the presence or absence of peripheral vascular 
disease or the age of the patient, although there is a suggestion of a rise 
in incidence with increasing age. On the other hand, the incidence is 
significantly more in those patients who received a dose of more than 
0.5g of hydroxydione than in those who were given 0.5g or less. Also, 
when the proportion of thrombosis is assessed in relation to the an- 
atomical location of the injected vein (TABLE 7), it is seen that, in the 


Table 7 
Proportion of thrombosis in relation to site of injection 


Elbow (lateral) 
_ (medial) 


hydroxydione series, this is significantly higher in the two elbow groups 
than the wrist and hand groups, with the forearm taking an inter- 
mediate position. This is in contrast to the finding with sodium thio- 
pentone (TABLE 7) where the incidence of thrombosis is apparently 
unrelated to the site of the vein injected and to the complaint of dis- 
comfort on injection of hydroxydione which, as already mentioned, is 
significantly higher for the hand than for the elbow or forearm 
(TABLE 1). Further, in three of the four patients who showed signs of 
thrombophlebitis following thiopentone (TABLE 3), the injection was 
given into a vein on the dorsum of the hand, and the most severe case 
of thrombophlebitis occurred in a patient who was given hydroxydione 
in this site. 

In the 100 patients who received hydroxydione to which hydro- 
cortisone or heparir had been added, the incidence of venous throm- 
bosis and thrombophlebitis does not differ significantly from that just 
described for the other techniques of administration. 

Deaths: During the fifteen-month period under review, there were 
1,218 operations carried out in the unit with a total post-operative 
mortality of sixty (4.9 per cent). Sixteen of these deaths (4.5 per cent) 
were in patients included in the hydroxydione series, seven (2.3 per 
cent) in the thiopentone series and thirty-eight (6.8 per cent) in the 559 
patients not included in either series. It should be noted, however, that 
in several respects the three groups are not strictly comparable. For 
example, many of the patients included in the hydroxydione series 
were elderly, poor-risk subjects who were undergoing long and major 
elective operations. In the thiopentone series, on the other hand, most 
of the operations were of a short and minor type which were unsuitable 


| 
HYDROXYDIONE SODIUM THIOPENTONE 
NUMBER PROPORTION OF NUMBER PROPORTION OF q 
OF THROMBOSIS OF THROMBOSIS 
PATIENTS +SE PATIENTS +SE 
234 0.45 + 0.03 190 0.1140.02 
$2 0.50 + 0.07 25 0.16 + 0.07 
24 0.29 + 0.09 17 0.06 +. 0.06 
Wrist 31 0.13 + 0.06 9 0.11+0.10 
Hand 18 0.11+0.07 39 0.10+0.04 


ANAESTHESIA 397 


for hydroxydione anesthesia. All the patients in these two groups were 
anesthetised by the same anesthetist. In the third group the operations 
were nearly all emergencies and anesthesia was induced with thio- 
pentone, except in a few cases where hydroxydione was used. The lat- 
ter are not included in the hydroxydione series either because adequate 
post-operative venous inspection was omitted, because other injections 
or infusions had been given into the vein used for the hydroxydione 
injection or because they were in the care of another anesthetist. 

Out of the total number of sixty deaths twelve showed suggestive 
clinical or definite pathological evidence of thrombo-embolism. Details 
of the six patients who had received hydroxydione are summarised in 
TABLE8. 


In seventy-seven patients in the hydroxydione series, anesthesia was 
for operations associated with peripheral vascular disease such as aortic 
grafts, endarterectomy, lumbar sympathectomy and amputations. Six 
of the deaths in this series were in such patients. There was no evidence 
that the presence of peripheral vascular disease increased the incidence 
of venous thrombosis in the injected vein. Two of the patients who 
died thrombo-embolic deaths had suffered from extensive peripheral 
vascular disease. In the thiopentone series thirty-three patients showed 


4 
4 
Table 8 
CLINICAL OPERATIVE THROMBOSIS DAYS CLINICAL AUTOPSY “ay 
CASE SEX AGE DIAGNOSIS TREATMENT ATSITEOP AFTER CAUSE OF REPORT mee 
HD INJ. OPERATION DEATH 

1 M 70 Arteriosclerotic Above-knee Nil 18 Pulmonary Pulm. embo- aoe 

gangrene of amputation of embolism _lism; old myo- Beare 
Fight foot Fight leg cardial 

2 M 70 Perforated Closure of Nil il Cardiac Mesenteric oe 

duodenal ulcer _ perforation failure thrombosis ; ce 

3 M 59 Obliterative Bilat. lumbar Nil 2 Cerebro- Throm. R. int. f 

¥ arterial disease sympathectomy vascular carotid artery ; 2 

accident recent R. cere- = 

4 M 4 Left Painless Pulmonary Pulm. embo- 
left ki nephrectomy thrombosis embolism _ lism; thromb. oh 
Scm in L. common ee 

5 M 49 Carcinomaof Palliative Nil 21 Pulm. embo- Not performed eo 
stomach gastro- lism on 6th, ak 
enterostomy 12th and 20th ee 

days; deep 
right calf rg i 
6 F 74 Chronic Cholecystectomy Nil 18 Myocardial Not performed ae 
cholecystitis and exploration” farction on 

and gallstones of common bile 11th day; cere- 
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evidence of peripheral vascular disease and two of these died — neither 
from a thrombo-embolic cause. 


PATHOLOGICAL STUDIES 


In five subjects who died after major surgical operations, the vein in- 
jected with hydroxydione was examined for thrombus and compared 
with an uninjected vein in the other arm. Firm, red thrombus was 
present in all the injected veins, for example, the median cubital, 
cephalic or basilic and in several the thrombosed segment was several 
inches in length and tributary veins were also thrombosed for a short 
distance. There were, however, no inflammatory signs, such as redness 
of the overlying skin or edema in the connective tissues around the 
injected veins. 

Microscopic sections confirmed the absence of inflammatory signs 
either in the injected veins or in the surrounding connective tissue 
(FIGS. A and B), except in a vein from a patient with scleroderma 


F1G. A_ Section of median cubital vein from patient injected with hydroxydione 
forty-eight hours previously. The lumen is filled with thrombus, but there is no 
inflammatory reaction in the wall. Hematoxylin and eosin x 30. 
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FIG. B_ Detail of part of F1G. A to show the absence of any inflammatory signs 
in the vein wall. Hematoxylin and eosin x 220. 


where there was a fairly brisk polymorphonuclear leucocytosis of the 
wall of the vein (FIG. C); this may have been related to her systemic 
disease. Unfortunately, no complete post-mortem examination was 
possible in this case. Partial disappearance of endothelial cells was 
observed in all the thrombosed veins and many of the remaining endo- 
thelial cells were faintly staining and indistinct; no other abnormalities 
were seen. 

In two patients a small quantity of hydroxydione was given intra- 
venously in a limb about to be amputated, and the injected vein was 
examined soon after amputation. In the first patient —a diabetic woman, 
aged sixty-seven, with a gangrenous toe — thrombus was present in the 
injected subcutaneous vein when it was examined one hour after 
amputation of the leg; no abnormality was seen in the vein wall. In 
the second patient — a man, aged fifty-three, who had a forequarter 
amputation of the upper limb for a fibrosarcoma — examination 
twenty minutes after amputation showed no venous thrombosis. 

Animal experiments: In an attempt to obtain fuller information 
about the incidence and prevention of venous thrombosis following 
hydroxydione injection, several investigations were made on experi- 
mental animals. 
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FIG. C_ Part of a sectionof amediancubital vein froma patient with scleroderma 
who was injected with hydroxydione forty-eight hours previously. Thrombus is 
seen in the lumen on the left, while a leucocytosis is present in the intima on the 
right. Contrast this with the appearances in F1G. B. Hematoxylin and eosin x 220. 


1 to 2ml of 5 per cent hydroxydione in normal saline at body tem- 
perature was injected rapidly into the marginal ear veins of twelve 
rabbits. Thereafter the ear was kept elevated for several minutes. It was 
observed that the rabbits usually struggled during the injection which 
suggested that there was some discomfort. Unconsciousness was not 
complete for about four minutes. The animals were killed twenty-four 
hours later and it was found that all the veins were thrombosed at the 
site of injection (F1G. D). Thrombosis also occurred in the marginal 
ear veins of six rabbits injected with the same volume of 2.5 per cent 
hydroxydione, but no thrombus was seen in the marginal veins of a 
control series of six rabbits injected with the same volume of 5 per cent 
thiopentone. Thrombosis appeared to occur rapidly — certainly within 
an hour and probably within half an hour of the injection of hydroxy- 
dione. Immediately after the injection it was observed that the blood 
flow was sluggish and that emptying of the injected segment by ‘milk- 
ing’ was followed by a slow refilling, the blood appearing to adhere to 
the lining of the vein. These findings were in contrast to those seen in 
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FIG. D_ Section of a rabbit’s ear showing a thrombosed vein. The latter had been 
injected with hydroxydione forty-eight hours previously. There is no inflammatory 
reaction. Hematoxylin and eosin x 30. 


veins injected with normal saline or thiopentone, where no subsequent 
abnormality of blood flow was observed. 

An established thrombus was easily identifiable to the naked-eye as 
a moderately firm, dark red structure. Microscopically it was seen to 
consist mostly of red blood corpuscles with a small admixture of fibrin. 
In sections of thrombosed veins, examined twenty-four hours after in- 
jection, the endothelial lining was usually completely absent and the 
remaining endothelial cells stained faintly and were often without a 
nucleus; no necrosis or inflammatory signs were evident in the remain- 
der of the vein wall or in the connective tissue around the vein. After 
forty-eight hours a slight polymorphonuclear leucocytosis was present 
in the perivenous connective tissue. 

Sections of the ears of eight rabbits injected with 2ml of 5 per cent 
hydroxydione, but not killed for several days after injection, showed 
signs of an indolent healing process. Some endothelial regeneration 
was seen, but very little organisation of the thrombus. The perivenous 
connective tissues showed some fibrosis in addition to a leucocytosis 
and there was some epidermal proliferation. In a few rabbits, throm- 
bosis was followed by marked cedema of the whole ear, while, in many, 
thrombosis was followed by marginal ulceration of the ear. 
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The incidence of thrombosis following the injection of hydroxy- 
dione into larger veins and the effect of stasis were next studied. The 
injection of 5 per cent hydroxydione in normal saline into the femoral 
vein of six rabbits produced thrombosis in only three animals, but in a 
further six rabbits in which the drug was confined in a clipped segment 
of femoral vein for about two minutes, thrombosis occurred in all. 
Similar results were obtained when the drug was injected into the left 
renal vein. No other thrombi were found in these animals. In a few 
animals, however, there was some patchy margination of polymorphs 
on the endothelial surface of the right ventricle, and small collections 
of mononuclear cells and polymorphs were present in the interstitial 
tissue of the myocardium. The significance and relationship, if any, of 
these incidental findings to the injections of hydroxydione is unknown. 

All the animals injected with hydroxydione recovered quickly from 
the anesthetic effect and appeared healthy afterwards. Moreover, in 
none was there any increased coagulability of the blood generally after 
the injections. 

The effect of quickly eliminating any residual hydroxydione from an 
injected vein by means of relatively large volumes of normal saline in 
an attempt to prevent thrombosis was investigated in six rabbits. A 
segment of each marginal vein was isolated with clips and washed out 
by injecting nurmal saline to remove any blood. It was then filled with 
5 per cent hydroxydione in normal saline for two minutes and, there- 
after, flushed out with a large volume (8ml) of normal saline. Throm- 
bosis still occurred in twelve of the sixteen veins so treated and in ten 
of them it was as marked as when the hydroxydione was injected by 
the usual method. In another experiment, heparin (1,000 international 
units per ml) was mixed with 5 per cent hydroxydione in normal saline 
in the proportion of 1 :3. The injection of this mixture into the marginal 
veins of eight rabbits produced thrombosis in each vein. 


IN VITRO OBSERVATIONS ON THE EFFECTS OF 
HYDROXYDIONE ON THE INTRINSIC CLOTTING 
MECHANISM 


The pH of 5 or 10 per cent hydroxydione solution, determined by pH 
meter, was found to be 8.5, while that of corresponding solutions of 
thiopentone was 10. The addition of 0.25 per cent procaine solution to 
the hydroxydione in a volume of 10 to 50 per cent did not alter the pH. 

When blood from the marginal vein of a rabbit was allowed to drip 
rapidly into a universal container in which 2ml of 2.5 per cent hydroxy- 
dione had been placed, the drops were immediately hemolysed and as 
the volume of added blood increased a viscid, dark red fluid appeared. 
Eleven ml of this fluid were collected and it was noted that, even after 
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twelve hours, coagulation had not occurred. Microscopic examination 
of the fluid revealed many erythrocytes and small amorphous clumps; 
rouleaux-formation was not a feature. A similar experiment was per- 
formed using 2ml of a 2.4 per cent thiopentone solution; coagulation 
occurred when the combined volume of anesthetic solution and blood 
reached 7ml. Solutions of hydroxydione are, therefore, strongly 
hemolytic, a property not possessed by thiopentone solutions. 

When 5 or 10 per cent hydroxydione solution was added to seques- 
trenised whole blood in volumes varying from 10 to 5O per cent, the 
platelet count had fallen by 40 per cent in five minutes and within half 
an hour all the platelets had been lysed. With thiopentone the corres- 
ponding fall in five minutes was 14 per cent. However, when such 
hydroxydione-treated sequestrenised whole blood was added imme- 
diately in a 10 per cent volume to normal freshly-drawn, siliconised 
whole blood, there was no shortening of the clotting time of the latter 
and the hydroxydione-treated platelet extract behaved in the thrombo- 
plastin generation test in the same manner as did intact platelets. The 
recalcification time of plasma obtained from hydroxydione-treated 
whole blood was no different from that of the same untreated plasma 
and the prothrombin consumption of both was also the same. Thus, in 
vitro tests would indicate that, while hydroxydione has a far more 
marked lytic action on platelets than has thiopentone, there would 
seem to be no detectable effect on the coagulation mechanism. Although 
these results do not preclude an in vivo effect, they suggest that the 
action of hydroxydione on the vein wall is primarily of a local 
chemical nature. 


METABOLISM OF HYDROXYDIONE 


The metabolism of hydroxydione by rabbit liver homogenate has been 
investigated by Taylor!9, and paper chromatography of metabolites 
has also been carried out on whole blood removed from our patients 
following hydroxydione injection (CHART). Two metabolites of 
hydroxydione have been identified, the major one being 3, 21-di- 
hydroxy 5§8-pregnane-20-one (pregnanediolone). This steroid has 
anesthetic properties and it is tempting to suggest that it is responsible 
for the anesthetic effect which follows the injection of hydroxydione. 
This would explain the delay in onset of anesthesia following hydroxy- 
dione injection and suggests that this metabolite merits a trial to deter- 
mine its effect on the incidence of venous thrombosis. Unfortunately 
in preliminary testing in rats it has been found (Hems?°) that its toxic 
dose is close to the therapeutic dose — 50 and 35mg/kg body weight 
respectively — so that its use in man is precluded. 
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by blue tetrazolide colour 


DISCUSSION 


Clinical experiences: From the experience gained in this study we 
would agree with previous investigators?! that hydroxydione has valu- 
able properties as a basal anesthetic. These are comparable to bro- 
methol rather than to thiopentone. It is particularly useful for long 
extra-abdominal operations where little muscle relaxation and a light 
plane of surgical anesthesia are required and where spontaneous res- 
piration and a reduction in bleeding is advantageous. We have em- 
ployed it for operations on the head and neck, breast, perineum and 
extremities and in association with specific muscle relaxants and con- 
trolled respiration for extensive intra-abdominal operations including 
urological procedures, aortic grafting, excisions of rectum, porto-caval 
anastomoses, gastrectomies and colectomies. Elderly patients in poor 
general condition are particularly suitable subjects for the basal anes- 
thesia produced by hydroxydione, the need for supplementary potent 
and toxic general anesthesia being reduced while metabolic disturbance 
is slight. 
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Because of the risk of immediate respiratory and circulatory depres- 
sion, the use of thiopentone to induce anesthesia in the nervous patient 
in his bed before leaving the ward has been largely abandoned as dan- 
gerous. Bromethol is satisfactory and safer for such patients, but suf- 
fers from the disadvantages associated with its rectal administration 
and with its toxic effects on the liver. However, hydroxydione appears 
to be a suitable substitute and has been used for this purpose in the 
present series with satisfactory results in several nervous and thyro- 
toxic patients. Hydroxydione anesthesia has also been found to be 
useful in patients with partial respiratory obstruction, where the main- 
tenance of spontaneous respiration with depression of the laryngeal 
reflex allows unhurried intubation to be carried out. 

Although the onset of unconsciousness with hydroxydione is slow 
in comparison with that produced by thiopentone, by the use of the 
rapid method of injection and appropriate timing this has not been a 
serious objection. When necessary, the induction was hastened with an 
inhalational agent or by the injection of a small quantity of sodium 
thiopentone into another vein immediately following the hydroxy- 
dione. 

The tendency for the blood pressure to show a gradual decline with 
the onset of hydroxydione anesthesia was rarely severe enough to indi- 
cate the need for a pressor agent, and pain during injection has not been 
a frequent or serious problem. 

Venous thrombosis: Undoubtedly the most serious criticism of 
hydroxydione as an anesthetic agent is the high incidence of venous 
thrombosis in the injected vein. Although this is probably less with the 
rapid method than with the slow infusion techniques originally em- 
ployed, we have been unable to confirm the low incidence reported by 
some Continental workers. Many of these reports undoubtedly refer 
only to thrombophlebitis, the much larger number of cases where small 
and symptomless thrombosis is present being missed or ignored. This 
may easily occur unless a systematic examination by a careful and 
impartial observer is routinely carried out and recorded in all cases. 
Moreover, we observed a very high incidence of thrombosis following 
the injection of hydroxydione into the ear veins of rabbits and, to a 
lesser degree, in larger veins. It must be remembered, however, that in 
these experimental animals all the veins injected were much smaller 
than those employed for injection in humans. 

Our autopsy studies confirm the high incidence of thrombosis in 
injected veins and suggest that the true clinical incidence of local 
phlebothrombosis may be even higher than our figures indicate. We 
must emphasise, however, that thrombosis caused by the injection of 
hydroxydione is essentially a local phenomenon, confined to a segment 
of the injected vein. We have been greatly concerned lest this anzs- 
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thetic produced thrombosis at a distance from the site of injection. In 
our series of patients given hydroxydione, there were some post- 
operative deaths attributable to thrombosis or thrombo-embolism, 
but careful scrutiny of all the circumstances in these cases, coupled 
with general knowledge of post-operative thrombotic phenomena, 
leads us to conclude that there is no evidence implicating the anzs- 
thetic as a cause of death: all the fatal cases of post-operative throm- 
bosis could be and probably are, explicable by what, in our present 
ignorance of the basic causes of post-operative thrombosis, we must 
call ‘chance’. Pulmonary embolism and thrombosis of coronary or 
cerebral arteries are well-recognised complications after operations; 
mesenteric thrombosis is a rare complication and one of us has 
encountered an instance of carotid artery thrombosis. 

The thrombus produced by hydroxydione is an agglutination throm- 
bus, consisting mainly of red blood corpuscles and containing relatively 
little fibrin. In the early stages of its formation it resembles the ‘sludge’ 
described by Knisely22, who observed it in many different conditions, 
for example, in infected or otherwise damaged tissues, in shock, in 
hypertension and following the injection of dextran. The underlying 
mechanism of sludging is unexplained. In part, it is due to ‘stickiness’ 
of blood cells and does not appear to be related to the clotting mechan- 
ism, since it occurs in animals receiving anticoagulants; stimulation of 
the sympathetic or injection of adrenaline will also produce it. In sec- 
tions of veins thrombosed by hydroxydione we observed only minimal 
signs of damage to the wall; such intimal damage might, nevertheless, 
be important. Microscopic evidence of inflammation in the veins was 
also slight or absent. Initially, therefore, the thrombotic process is 
essentially one of ‘phlebothrombosis’ and not ‘thrombophlebitis.’ 
Doubtless, stasis of blood must play some part in the later phases of 
thrombosis. 

It is generally agreed that three factors, known collectively as 
Virchow’s triad, all contribute, though to a variable degree, to the 
development of every thrombus (Payling Wright23). These factors are 
(a) changes in the constituents of the blood, (b) changes in the velocity 
and character of the local blood stream and (c) changes in the vascular 
intima. What is the relationship of these factors to the thrombosis 
induced by hydroxydione? We observed that in vitro hydroxydione 
had no noticeable effect on the intrinsic clotting mechanism, but that 
it had a powerful hemolytic effect and when added to blood the result- 
ing mixture became a viscid fluid containing small clumps of amor- 
phous material and erythrocytes in numbers which varied with the 
concentration. Moreover, in experimental animals we observed that 
the injection of hydroxydione into ear veins was quickly followed by a 
sluggish blood flow with the adherence of semi-solid :naterial to the 
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lining of the vein. In larger veins, such as the renal or femoral veins, 
where the normal blood flow is more rapid than in ear veins, this 
adherence was much more difficult to induce, but it could be seen when 
the flow of blood was retarded by the application of pressure to the 
vein. We also observed in rabbits that thrombosis still occurred when 
veins injected with hydroxydione were immediately flushed out with 
relatively large volumes of physiological saline. It is possible that this 
irrigation failed to remove traces of the drug which were still capable 
of exerting an effect on the contained blood, but it seems more prob- 
able to us that the injected hydroxydione very rapidly produced some 
damage to the intima of the vein. Ordinary light microscopy has shown 
no dramatic alteration in the appearance of the intima following in- 
jection, but it is possible that finer methods of examination might 
reveal damage to the intimal cells and alteration in the ground 
substance. 

One factor which has been considered as a cause of venous irritation 
is the pH of the solution. Hydroxydione solution is strongly alkaline 
(pH 8 to 10), but it should be remembered that sodium thiopentone 
solution has a pH of 10 to 11. Further, Kinmonth and Shepherd24 
observed the effects of the intra-arterial injection in rabbits of sodium 
thiopentone and of a buffer solution of the same pH, and concluded 
that the ischemia resulting from thiopentone is not connected in any 
way with the alkalinity of the solution or with spasm, but to intimal 
damage and to delayed thrombosis caused by the thiopentone itself. 
It would seem likely, therefore, that in the case of hydroxydione the 
venous thrombosis which has been observed is also due primarily to 
the chemical composition of the drug. 

To summarise, therefore, we conclude that the thrombosis produced 
locally in veins by the injection of hydroxydione is probably related to 
all three factors of Virchow’s triad, but, because thrombosis occurs 
even after rapid irrigation of the injected segment with saline, it seems 
probably that some intimal damage is of major importance. Once 
thrombosis has occurred, it is liable to extend locally, as happens in 
venous thrombosis due to any cause. 

It is widely believed that an ‘ordinary’ thrombus begins by the 
deposition of platelets around which fibrin and white cells collect. 
Moreover, it is commonly assumed that anti-coagulants, such as 
heparin, will prevent thrombosis, but this is not necessarily so. Poole?5 
has found that in vitro heparin does not affect the agglutination of 
platelets to form thrombi although fibrin formation is stopped. We are 
uncertain whether platelets are at all concerned in the formation of 
thrombi following the injection of hydroxydione, but, if they are, then 
Poole’s observation explains why we were unsuccessful in preventing 
thrombosis in patients and animals by the simultaneous injection of 
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heparin. Florey 26 has pointed out that it is possible that some substance 
which prevents platelet agglutination might be useful in controlling the 
early stages of thrombosis. So far, no such substance has been 
discovered. 


CONCLUSION 


We have found hydroxydione to be a satisfactory basal anesthetic 
possessing many useful features for a wide variety of clinical anesthetic 
procedures. However, the high incidence of local venous thrombosis 
in the region of the injected vein is a serious disadvantage which has 
not been reduced by any of the modifications in the method of admin- 
istration which have been employed. From in vitro studies and exam- 
ination of human and animal veins which have been injected with 
hydroxydione, itis concluded that this thrombosis is related to chemical 
damage to the venous intima by the drug at the site of injection. It is 
suggested, therefore, that, if the advantages of this type of basal anes- 
thesia are to be exploited, a new agent rather than a new method of 
administration is required. 
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Blood loss during surgery is usually attributable to the surgical trauma 
inflicted and can be corrected by the standard hemostatic techniques. 
Occasionally the amount of bleeding is out of proportion to the sever- 
ity of the wound, either because of excessive arterial bleeding, or a 
persistent generalised bloody ooze that continues in spite of the usual 
hemostatic measures. Pathological bleeding may obscure the operative 
field making surgery difficult and dangerous. It may cause large 
hematomas, or it may be so severe and continous that adequate blood 
replacement becomes impossible and the patient's life is endangered. 

Pathological bleeding of this nature may be due to disorders of the 
blood vessels and circulation resulting in inadequate contraction of 
cut vessels and failure of stable clot formation, or it may be due to a 
primary failure of the clotting mechanism. Probably in many cases the 
defect is multiple and both vascular and clotting mechanisms are at 
fault. 

There are certain well recognised diseases associated with a defective 
clotting mechanism, or defective vascular contraction. These condi- 
tions present special problems when surgery is contemplated. In most 
cases a history of excessive bleeding or bruising can be obtained and 
the defect treated by specific therapy. These recognised bleeding 
diatheses are considered briefly and accepted treatment outlined 
below. 
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In addition to these hemorrhagic diseases there are many systemic 
diseases in which excessive bleeding is a common feature. These dis- 
orders are far less well understood and the changes are more subtle 
and often multiple in nature. 

Surgery or the physical conditions resulting from the administration 
of anesthetic agents such as the retention of carbon dioxide, the fluid 
replacement therapy and the infusion of large quantities of stored 
blood, may on occasions upset the delicate balance of hemostasis and 
provoke excessive hemorrhage. In some cases the bleeding diathesis 
may be iatrogenic due to the deliberate administration of anti- 
coagulants. 

In order to understand the various disorders and difficulties that 
may prevent normal hemostasis after surgical trauma, it is essential 
to have a working concept of the normal mechanism of blood 
coagulation. 


FACTORS IN HAMOSTASIS 


As the result of an injury destroying the continuity of the vascular 
endothelium a series of reactions are initiated which lead to the forma- 
tion of an insoluble fibrin plug from fibrinogen, a soluble normal 
plasma protein. The exact mechanism and sequence is unknown, but a 
number of hypothesis have been proposed differing from each other in 
detail only, the main outline of which is summarised in FIG. 1. The 
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names most commonly used in this country for the factors concerned 
are given together with their synonyms and proposed standard 
international nomenclature in TABLE 1129, 


Table 1 


PROBABLE DISEASE CAUSED BY HEREDITARY AND 
SYNONYMS? DEFICIENCY: (KEY ‘AL 
NOSTIC TEST) 


Anti-hemophilic An 
globulin (AHG) 


consumption test: 
thromboplastin 


generation test) 


Christmas disease 
(prothrombin 
consumption test: 
component thromboplastin 
(PTC). Anti- generation test) 
factor B 
Stuart factor 
(prothrombin time 
and prothrombin 
consumption test) 
Rosenthal’s 
syndrome 
(prothrombin 
consumption test) 
Hageman trait 
(clotting time) 


Hyperhe; 
(thrombin time) 


Platelets, antihemophilic-globulin (factor VIII, AHG, AH fac- 
tor); factor V, prothrombin (factor II) and fibrinogen (factor I) are 
consumed during clot formation. Christmas factor (factor XI) and 
factor VII are not and appear to act as catalysts in the reaction, in 
this respect they are similar to calcium. All the substances in the for- 
mer group save prothrombin, are more or less labile and tend to 
disappear from blood on storage. 

A number of diseases result from congenital or acquired abnormal- 
ities of each of the coagulation factors. Their severity, as judged by the 
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danger to life and interference with normal activity, bears only the 
slightest relationship to the severity of the coagulation defect in vitro. 
The reason remains an enigma. A number of hereditary diseases in 
which a hemorrhagic diathesis exists are now recognised. Brief details 
of the better known of these are given in TABLE 1. Hemophilia and 
Christmas disease account for 80 per cent of the patients with recog- 
nisable hereditary bleeding diseases '!6 and both occur, with extremely 
rare exceptions, exclusively in males. Christmas disease is about one 
sixth as common as hemophilia2!. 

In addition to the subjects in whom a defect of coagulation can be 
demonstrated, a group of patients exists in whom a propensity to 
excessive bleeding occurs without recognisable abnormalities in the 
currently available tests29. 

The correct management of a patient with hemophilia or hemo- 
philioid disease undergoing surgery, requires close co-operation 
between the hematologist, surgeon and anesthetist. Details are given 
in a number of recent publications !42!. 

Pre-operative preparation is most important3°. Depending on the 
severity of the proposed procedure it consists of an infusion of fresh 
frozen plasma, fresh whole blood, or of an AHG preparation. AHG 
from animal sources, because of its antigenicity should only be used in 
one short series and should be reserved for those dire emergencies 
when it is impossible to save life without it!4+. Fresh whole blood or 
fresh frozen plasma should always be used to control bleeding of lesser 
severity. AHG from human sources is not antigenic and can be used 
repeatedly without harm!7. Unfortunately it is not yet generally avail- 
able. Nour-Eldin3° has described a method by which he is able to 
predict the extent of operative bleeding in hemophilia; when the 
result is abnormal the operation should be deferred until more AHG 
has been given. The guide to therapy during and after operation is the 
AHG assay!5. The clotting time is valueless since it can be normal in 
the presence of only 1 per cent of the usual amount of AHG. When 
AHG is maintained at 30 per cent of normal, bleeding is not exces- 
sive27 31 whereas at levels below this it generally is. AH G disappears 
rapidly from blood on storage and the blood used for replacement of 
operative loss in hemophilics should ideally be obtained fresh from 
donors as required. 

Anesthesia in hemophilics presents certain difficulties. Spinal and 
epidural anesthetics are dangerous because of potential bleeding from 
damage to the peridural veins. Christie et al.15 recommend atraumatic 
tracheal intubation after induction of anesthesia with thiopentone 
followed by succinylcholine to give complete relaxation. Anesthesia 
for dental extractions is best achieved by local infiltration! 29. 
Regional anesthesia by infradental block carries the risk of hematoma. 
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Endotracheal intubation, especially with nasal tubes is potentially 
dangerous2°, When a general anesthetic is essential McIntyre et al.19 
recommend that it is given through a mask rather than through a 
nasal tube. 

Bleeding into the retropharyngeal tissue, the tongue, the larynx, 
fauces or the floor of the mouth, though fortunately an uncommon 
complication of hemophilia and Christmas disease, is one which calls 
for immediate attention32. In most cases the institution of anti- 
hemophilic therapy with fresh frozen plasma infusions prevents 
further extravasation of blood into the tissues. On this régime the 
hematoma usually disappears and further treatment is unnecessary. 
No attempt should be made to evacuate the hematoma surgically or 
decompress the affected region33. Tracheostomy has very special 
hazards in the hemophilic and should only be performed as a desperate 
life saving measure under cover of AHG, preferably with a high 
potency human or animal AHG preparation32. 

Even minor surgical procedures are not without risk in patients with 
hemophilia and kindred diseases and until recently major surgery was 
unthinkable. With a greater understanding of the factors involved and 
the availability of potent AHG preparations, patients with these 
diseases need no longer be denied surgery, however extensive, when it 
is indicated. The indications for surgery are somewhat more stringent 
than normal and have been discussed by McFarlane et al.14, In 
dentistry, Orr and Douglas?° recommend removing only a few teeth 
at any one time. The contrary view is expressed by McIntyre et al.19, 
who believe that with adequate pre- and post-operative therapy with 
fresh blood only, up to twenty-five teeth may be extracted with safety 
and greater convenience to the patient. 

In Christmas disease, AHG is useless for controlling bleeding and 
fresh blood or plasma or stored blood, less than five days old, must be 
used 23 30, Its manifestations tend to be less severe than true hemophilia 
and its management correspondingly easier. This is also true of the 
other hereditary hemorrhagic diseases (TABLE 1) which in most cases 
are usually controlled by transfusions of blood, which should be as 
fresh as possible. 

In the extremely rare disease, hyperheparinemia, Quick and 
Hussey?’ found cortisone to be helpful in controlling hemorrhage, 
when given in conjunction with fresh frozen plasma. Protamine was 
without clinical value in this condition. In congenital afibrinogenemia, 
in which there is a complete inability of the blood to clot in vitro the 
bleeding diathesis is often comparatively mild®. Dissociation between 
in vitro coagulation defects and hemorrhagic tendency is also seen in 
the condition of Hageman trait where although the blood is virtually 
incoagulable in vitro, it is unassociated with any hemostatic abnor- 
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mality27. In hemophilia and Christmas disease further in vitro 
coagulation defects may be found to which the term bridge anti- 
coagulant has been given3¢. 


VASCULAR FACTORS 


The stability of the intravascular clot depends upon the contraction of 
the cut vessel wall. Factors affecting the efficiency of contraction of the 
blood vessels will prolong the bleeding time. The control of the arteri- 
oles is both nervous and humoral and is opposed to some extent by the 
blood pressure. In most mammalian species capillary filling depends 
entirely on the pressure of blood in them and is not dependent upon 
humoral or nervous factors>5 36, The capillary blood flow is controlled 
by a system of metarterioles equipped with a smooth muscle sphincter, 
which lead directly from arteriole to venule3’. By this means blood 
may beshunted directly from the arteries to the veins without traversing 
the capillaries. Normal capillary filling depends upon the occlusion of 
these pre-capillary shunts and is entirely passive due to transmitted 
arteriolar pressure. The capillary lumen may become narrowed as the 
result of swelling of the endothelial cells, but this is usually associated 
with diapedesis and increased permeability. When this occurs it is 
associated with a greater, not a lesser, tendency to ooze blood from 
cut surfaces38, 

The integrity of this system depends upon the state of the vessels 
themselves. In certain conditions, such as multiple telangiectasia or 
von Willebrand’s disease this is defective. 


PATHOLOGICAL BLEEDING DUE TO ABNORMALITIES OF 
BLOOD VESSELS AND PLATELETS 


Recently, evidence has been obtained that a large number of conditions 
described by the names - von Willebrand’s disease, Willebrand- 
Jurgens disease, vascular hemophilia, pseudohemophilia, throm- 
basthenia and constitutional thrombopathy - are varieties of a single 
genetic condition of hereditary vascular defect 39. In the fully developed 
syndrome there is an abnormality of the vascular endothelium, a 
platelet abnormality and a mild abnormality of one or more plasma 
coagulation factors39 4° 41, The plasma factor most commonly defec- 
tive is AHG. The nature of the capillary defect is unknown. Nilsson 
et al.4° claim to have isolated a plasma factor distinct from AHG 
which repairs the vascular defect and reduces bleeding time to normal. 

The bleeding tendency in this condition is often not severe though 
there is great variability in severity in any one patient from time to 
time and from site to site+! 42 43, Thus, although a major surgical 
operation may be undertaken with impunity on one occasion, a minor 
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procedure on another may give rise to bleeding endangering life. Bleed- 
ing is readily controlled by blood transfusion. In view of the frequently 
associated AHG deficiency and platelet abnormality, fresh platelet 
rich blood, less than four hours old and taken into plastic bags is pre- 
ferable+!. In the absence of demonstrable platelet abnormality and a 
low AHG level, stored blood may be adequate even for major surgical 
operations‘!, Jacobson44 feels that cortisone is effective in helping to 
control bleeding. Calcium, rutin, vitamin K, vitamin C and snake 
venom, all of which have had their advocates, are of no value43. 

Telangiectasia (Rendu-Osler-Weber syndrome) is an hereditary dys- 
plasia of the capillaries which affects both sexes equally. The telan- 
giectases usually only become prominent after the age of twenty. They 
occur predominantly about the face and in the nose where they can 
cause epistaxis, and in the intestine where they may produce severe 
gastrointestinal bleeding+s. The recently recognised complication of 
pulmonary arteriovenous fistula occurs in 15 per cent of affected 
patients+® 47. Surgical treatment is often required for the gastroin- 
testinal and pulmonary lesions and great care must be exercised during 
endotracheal intubation lest profuse bleeding be provoked from 
trauma to nasal or pharyngeal telangiectases. Fortunately sufferers 
from this disease tend not to bleed excessively from incisions through 
non-affected tissues. This applies equally to two other congenital 
diseases of the blood vessels, pseudoxanthoma elasticum4* and the 
Ehlers-Danlos syndrome?9. 

Platelet deficiencies such as occur in idiopathic thrombocytopenic 
purpura, pupura associated with myelosclerosis, leukemia and aplastic 
anemia may all be associated with excessive hemorrhage at operation. 
Mostpatients with thrombocytopenia of an extent sufficient to influence 
hemostasis complain of easy bruising and the presence of petechial 
hemorrhages. Generally these symptoms appear when the platelet 
count falls below 50,000 per mm, but on occasions they may occur 
with a higher density of platelets. In these cases the platelets are 
presumably abnormal. Surgery in these patients may be made safer by 
the transfusion of fresh donor blood or by platelet transfusion. 
Splenectomy has a most dramatic effect on the bleeding in cases of 
‘idiopathic’ thrombocytopenic purpura. The platelet count rises im- 
mediately and bleeding ceases when the splenic pedicle is clamped *5°. 
The place of cortisone therapy of this condition has been reviewed by 
Carpenter et al.52. 

In conditions of hypoxia, acidosis, low serum calcium, deficiency of 
vitamin C, low serum proteins and platelet deficiencies, increased 
capillary oozing may occur. In these conditions it is probable that the 
effect is primarily upon the integrity of the endothelial lining of the 
capillaries which no longer prevents the easy passage of blood from 
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the lumen53. In addition there are other factors influencing capillary 
fragility; capillary buds, such as are found in recently inflamed tis- 
sues, are exceedingly fragile and predispose to excessive bleeding 


during surgery. 


BLOOD PRESSURE AND BLEEDING 


The relationship between blood pressure and bleeding at operation is 
not as direct as it first appears. A high blood pressure, measured in a 
main artery, may be associated with a lowered tissue perfusion, as is 
seen after the use of vasopressors or during the hypertensive response 
to injury. Alternatively it may be associated with increased tissue per- 
fusion as in hypervolemic states. Bleeding at operation is related to 
the blood pressure in the arterioles just distal to the pre-capillary 
sphincter. If the pressure at this point is raised then engorgement of 
capillaries results and a continuous bloody ooze occurs. If the pressure 
falls below that necessary to maintain the patency of the capillaries - 
the critical closing pressure — then a ‘bloodless field’ results54. Agents 
that raise the capillary perfusion pressure cause distressing bleeding at 
operation which is difficult to control. Acidosis may cause a rise in 
blood pressure and increase tissue perfusion, this is probably an 
important factor in the increased bleeding that occurs clinically with 
carbon dioxide retention. 

There is little experimental evidence about the effect of anesthetic 
agents upon the vascular bed. It is commonly stated that cyclopropane 
tends to cause increased capillary bleeding 55 and that halothane reduces 
bleeding*®. Marquardt et a/.57 found that capillaries constrict to one 
half their normal size with trichlorethylene and suggested that this 
agent increases the tone of the precapillary sphincter. However, 
Johnson 58 reported five cases of excessive bleeding which was attri- 
buted to trichlorethylene anesthesia ; in every case the excessive bleed- 
ing ceased when the anesthetic agent was changed or when the patient 
was allowed to breathe room air. 

Studies carried out on the blood flow in the human forearm during 
cyclopropane anesthesia showed no change in the lighter planes of 
anesthesia anda reduced flow with deep anesthesia 59. This is supported 
by experiments carried out upon exteriorised omentum during which 
the capillaries and arterioles were observed directly. This investigation 
showed that light cyclopropane, ether or thiopentone anesthesia had 
little effect on capillary flow. Deep ether and thiopentone anesthesia 
causes a loss in the tone of the precapillary sphincter due to develop- 
ment of resistance to the action of adrenaline on this muscle. This 
results in congested capillaries which bleed freely. Deep cyclopropane 
anesthesia does not have this effect; capillary filling remains normal 
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and this is associated with a normal response of the precapillary 
sphincter to adrenaline®°. 

Drugs which decrease capillary filling have been used in an effort to 
reduce bleeding at operation. Although these drugs appear effective in 
reducing capillary oozing in experimental animals®', the result of their 
use in humans during operation has been disappointing. 


ACQUIRED DEFECTS OF HAMOSTASIS ASSOCIATED WITH 
SYSTEMIC DISEASE 


Liver disease®2 63 


A complicated derangement of hemostasis occurs in patients with liver 
disease. The coagulation defect is one involving platelets, Christmas 
factor, prothrombin, factor V, factor V II, and fibrinogen. Fibrinolysins 
are also not uncommon. These defects are more common and more 
severe in parenchymal liver disease, though prothrombin and factor 
VII activities are depressed in cases of obstructive jaundice. In these 
the abnormality is corrected by vitamin K which is without effect on 
the abnormality in parenchymal hepatic disease. The severity of the 
coagulation disturbance roughly parallels the derangement of liver 
function assessed by the usual function tests. The best screening test 
for abnormalities of coagulation is the one stage prothrombin time. 

When surgery was first introduced for the relief of portal hyper- 
tension in cirrhosis, excessive operative bleeding was noi infrequent 
and deaths occurred despite massive transfusions of stored blood. With 
the use of fresh blood for the replacement of operative blood loss, 
uncontrollable bleeding during operation practically disappeared ®4. 
For patients with liver disease Finkbiner et a/.62 advise giving one 
bottle of fresh blood less than forty-eight hours old, for every two 
bottles of stored blood used. 

The advantage of fresh blood lies mainly in its normal content of 
platelets and factor V. Platelets become non-viable after about four 
hours in any type of container. There is little loss of factor V for the 
first twenty-four to forty-eight hours after collection, but thereafter 
there is a steady loss of activity ®? °5. If hypofibrinogenemia is present 
it is readily corrected by an infusion of human fibrinogen (4-6g). 

Fibrinolysins®2 66 
Normal plasma contains profibrinolysin which is capable of being 
activated to form fibrinolysin, a proteolytic enzyme acting upon and 
dissolving fibrin. Activation of profibrinolysin may occur in shock, 
carcinomatosis, hepatic cirrhosis, transfusion reactions, extensive 
burns including those due to excessive exposure to irradiation and in 
minor as well as major surgery, particularly after operations on the 
chest, pancreas and prostate ®’. Fibrinolysins give rise to a hemorrhagic 
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syndrome which should be suspected clinically if the onset of bleeding 
after trauma is delayed from one to eight days, though it may occur 
earlier, even during the operation. Firkin et a/.6® advocate treatment 
of acute episodes of bleeding by repiacement therapy with fresh whole 
blood together with human serum albumin and cortisone, both of 
which may have anti-fibrinolytic activity. In those cases in which blood 
fibrinogen levels are low it should be replaced by the intravenous 
administration of human fibrinogen as well as fresh whole blood. 


Acquired circulating anticoagulant ®8 69 


Spontaneously occurring circulating anticoagulants, which prevent the 
formation of blood thromboplastin, are a rare cause of excessive 
bleeding from surgery. They are most frequently found in: 

patients with primary hemorrhagic disease 

in pregnant patients and following parturition 

in elderly subjects, many of whom may have some other disease 

which may require surgical treatment. 

A heparin-like circulating anticoagulant which is unaffected by 
protamine has been described in: (1) lupus erythematosus, (2) meta- 
static hepatic carcinomatosis, (3) multiple myeloma, (4) pre-eclamptic 
toxemia and (5) in the malabsorption syndrome. Stress, such as 
surgical operations, cause exacerbation of the anticoagulant activity7°. 
The anticoagulant may disappear from the blood spontaneously or 
after therapy for the associated abnormality. In a few cases cortisone 
has been used with benefit, but this is not the general experience. Ellis 
et al.69 have recently discussed the management of patients with this 
disorder when surgery is indicated. 


Defibrination syndrome™' 72 


De‘ibrination syndromes have been reported during pregnancy com- 
plicated by accidental hemorrhage, intrauterine death, precipitate 
delivery or hydatidiform mole. Rarely it occurs after thoracic and 
intracranial operations, incompatible blood transfusions, extra cor- 
poreal perfusions and with malignant disease of the prostate73 74 75. 
The role of dextran in its causation has been discussed by Scott72. 

The condition may be mild when recovery occurs spontaneously. 
More commonly the hemorrhagic tendency is severe and rapidly fatal 
unless the treatment is adequate. The first essential is the replacement 
of fibrinogen by the infusion of human fibrinogen; about 5-8g. dis- 
solved in saline or sterile water administered over half an hour. It is 
unknown why concentrated human fibrinogenis so much more effective 
than plasma or blood7!. Platelets, AHG and factor V are also 
frequently low and are best replaced when necessary by transfusions 
of fresh whole blood. In pregnancy, the most common cause of this 
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syndrome, early evacuation of the uterus is essential and it may be 
impossible to control the bleeding until this is done. 

Chemical measurement of fibrinogen levels can be misleading since 
they may be within the normal range in moderately, or even severely 
affected patients. Fibrinolysins, which have frequently been incrimin- 
ated as a cause of this syndrome, are only rarely detected. 


Polycythamia 
A prolonged prothrombin time is common in congenital heart disease 
and is often proportional to the severity of the condition. It is especially 
common in cases of Fallot’s tetralogy?®. Hartman?’ reviewed the 
hemorrhagic states occurring in cyanotic heart disease and concluded 
that it appeared to be associated with the polycythemia that is com- 
monly found. Wasserman’® has drawn attention to the bleeding ten- 
dency that may occur in polycythemia rubra vera, in which it may 
alternate with thrombotic episodes. In the condition of thrombo- 
cythemia bleeding may be excessive in spite of an increased number of 
platelets *2*. In these patients the platelet count is often increased, but 
it is suggested that many of them are of an immature form and 
ineffective for hemostasis. Sommerville79 has found that the thrombo- 
plastin content of the blood bears an inverse relationship to the 


severity of the polycythemia. 
Uramia 


It has been observed that hemostasis is often very difficult to obtain 
in uremic patients®®, They often have spontaneous purpuric mani- 
festations in spite of the presence of a negative tourniquet test. 
Larrain et al/.8° found that although their blood clotted normally in 
glass tubes, clotting was delayed in silicone tubes. They suggested that 
the reaction between platelets and plasma factors was delayed. In 
three cases studied the hemorrhagic tendency persisted after dialysis 
had improved the biochemical state of the blood. Fishberg®! reviewed 
the evidence and concluded that there was no convincing evidence of 
increased fragility of capillaries in uremia. 


Neonatal surgery 


The neonate, especially when premature, often exhibits a defect of 
coagulation during the first ten to fifteen days after birth. This is 
attributed to the low serum prothrombin level found in these babies 
and it is advisable to aim to correct this defect pre-operatively by the 
injection of vitamin K. Vitamin K and its analogues especially 
Synkavit should be given with caution however, as it may cause liver 
damage if excessive dosage is administered. Vitamin C deficiency may 
also be present in young babies and it is possible that this deficiency 
may contribute to the hemostatic defect. 
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IATROGENIC HEMORRHAGIC DIATHESIS 


Massive blood transfusions 


It is not uncommon to find that operations for injuries associated with 
massive blood loss and its rep!acement by stored blood containing acid 
citrate dextrose (ACD) are complicated by a failure of hemostasis. 
Most of these patients’ blood will clot quite normally in a test tube, 
and the clot retraction is normal yet an obvious clinical hemostatic 
deficiency exists. 

Crosby et al.82 and Scott et a/.83 84 showed that certain minor 
coagulation defects were common in Korean war casualties who had 
received twenty pints or more of stored blood. The one stage pro- 
thrombin test, which is affected by alterations in prothrombin, factor 
V and factor VII, or by an increase in circulating heparin, was reduced 
in most of them, often to as low as 50 per cent activity and slowly 
returned to normal in four days. In only a few patients was the 
prothrombin content reduced; little alteration could be detected in the 
level of factor VII, factor V or in the level of circulating heparin. 
These workers suggest that the fall in number of circulating platelets 
may also be associated with a quantitive alteration as many of the 
platelets present are immature. Possibly these immature platelets are 
deficient in serotonin and so less effective in hemostasis. In spite of 
these changes, detected during a most exhaustive study, these workers 
conclude that they do not explain the bleeding state of the patient 
adequately. Ball®5 emphasised the platelet deficiency that occurs when 
massive stored blood transfusions are administered. He described 
eleven cases with purpuric manifestations following the infusion of 
ACD blood over forty-eight hours old. 

One aspect of the hemorrhagic diathesis which follows massive 
replacement therapy that has not been investigated, is the effect of 
concomitant pH changes. It is probable that in most cases of severe 
trauma necessitating as many as twenty pints of blood for resuscitation, 
severe tissue acidosis is present as a result of the peripheral vaso- 
constriction consequent upon massive hemorrhage. In addition to 
this there is a deficiency of total base in stored ACD blood. pH 
changes have been shown to affect the coagulability of blood (see 
below) and it is probable that acidosis will also affect the vascular 
response to trauma and so cause excessive bleeding. 


Citrate intoxication 


Citrate is present in excess in ACD stored blood. Were it not for its 
rapid metabolism in the tissues, particularly the liver through the 
Krebs cycle, it would soon so reduce the level of the circulating ionised 
calcium as to cause tetany and cardiac arrest. 
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Although relatively uncommon, fatal citrate intoxication may occur 
when metabolism is abnormal. It occurs during multiple transfusions 
of citrated blood. Citrate intoxication is unlikely to occur when infusion 
rates of less than 500ml of bank blood per five minutes are em- 
ployed’® 87 88, In patients with reduced rate of citrate metabolism or 
impaired renal function (in man about 20 per cent of administered 
citrate is excreted in the urine®®) the signs of intoxication may appear 
with much smaller transfusions. It is more likely to be manifest in 
patients with liver disease, during extremely rapid and prolonged blood 
transfusions, in hypothermia, in infants during exchange transfusions 
and after the application of high aortic clamps during vascular 
surgery*! 89, The condition is difficult to recognise, but should be 
suspected when persistent hypotension, muscle twitching and ECG 
changes occur. These changes may be reversed by cautious treatment 
with intravenous 10 per cent calcium chloride solution. A danger of 
producing hyper-calcemia exists with this treatment, but is no greater 
than when calcium gluconate is used and Ludbrooke and Wynn** 
advise its use because the chloride salt is more completely ionised and 
its effects, therefore, more predictable. Citrate intoxication is not 
always satisfactorily treated by calcium salts which suggests that other 
factors besides the reduction of ionised calcium may be involved in 
the production of this syndrome®. 

No direct relationship is discernible between the severity of oozing 
during surgery and the level of plasma ionised calcium*®. Whether 
bleeding can ever arise from reduction of ionised calcium levels is 
generally considered of academic interest only, since the evidence sug- 
gests that a concentration of citrate which would interfere with clotting 
would probably produce cardiac arrest87. However, Soulier9® has ob- 
served a patient who developed generalised bleeding during an opera- 
tion after a large transfusion, due to incoagulability of the blood. He 
believes that in this case the hemorrhage described was a result of low 
ionised calcium due to its chelation by the excess citrate present. Thus 
a therapeutic trial with calcium chloride may be justified if there is 
persistent bleeding after massive infusions of citrated blood. This 
emphasises the disadvantages of using citrate as an anticoagulant for 
blood in the extracorporeal circulation. At present heparin is probably 
the best anticoagulant: EDTA may be nephrotoxic and should be 
used with caution. It is possible that blood prevented from clotting by 
the removal of calcium by ionic exchange will, one day, be used for 
this purpose? 8°, 


The effect of injury and stress 


Various forms of tissue trauma, both due to accidental wounding or 
due to surgica! procedures, are associated with changes in hemostasis. 
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In some cases associated with tissue trauma and the formation of large 
concealed blood clots a low level of plasma fibrinogen is found. Thor- 
acic surgery and lung manipulations have been said to cause hemo- 
rrhagic states due to a lowered plasma fibrinogen resulting from the 
presence of fibrinolysins activated by lung trauma! 92, 

The effect of tourniquet trauma upon the blood of rabbits was 
studied by Hidalgo et al.93. They found that by this means they could 
produce a fall in plasma fibrinogen of 22 per cent which returned to 
normal in about twenty-four hours. How important or frequent this 
effect is in practice is difficult to assess. Scott*4 found slightly lowered 
levels of plasma fibrinogen in severely wounded patients in war. The 
fibrinogen content returned to normal in ten to eleven days. 

A rise in plasma fibrinogen has been found to occur after most forms 
of stress. A rise in the fibrinogen content of plasma after trauma, 
injection of toxins and small doses of hepatotoxic substances and after 
injections and pyrexia has been described®4 95. Cold and fasting 
reduces, but does not abolish this response. Although injections of 
ACTH cause a fall in factor V, Smith et a/.96 report a consistent 
shortening of the clotting time following its administration. The 
reduced clotting time that follows acute hemorrhage may be partly 
due to this mechanism. 


Mismatched blood transfusion 


During anesthesia the warning symptoms associated with the admini- 
stration of incompatable donor blood are no longer obtained. It is 
unusual to see rigors, but sweating, pallor and changes in the blood 
pressure may occur. Excessive bleeding may be the first indication that 
a mismatched blood transfusion has been given. It is associated with a 
reduction in the platelet count, which occurs quite abruptly, followed 
by a slower fall in the prothrombin and fibrinogen content of the 
plasma. It is believed that this is a manifestation of partial intra- 
vascular clot formation. The immediate result is an excessively rapid 
clotting time followed by a reactive phase when fibrinolysis takes place 
and heparin is possibly released’. It is during this reactive phase that 
excessive hemorrhage may occur’. Jackson et a/.99 refer to a similar 
occurence during the infusion of contaminated blood, and suggest 
treating it with a fibrinogen infusion. 


Dextran 


Dextran is commonly used in the emergency treatment of acute 
hemorrhage. Twenty-five per cent of patients receiving one pint or 
more of dextran in one series had a prolongation of the bleeding time. 
The hemostatic defect caused by dextran has been shown to be 
associated with a coating of platelets with the long chain molecules of 
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the dextran!9! 102, In 5 per cent of patients receiving dextran the 
bleeding time exceeded thirty minutes!°, Susceptibility to dextran 
varies from one individual to another and is accentuated by platelet 
deficiencies!93, The bleeding tendency which it produces may take 
several hours to become manifest and may last twenty-four to thirty-six 
hours. 


Anticoagulants 


Occasionally a patient who is being treated with anticoagulant drugs 
requires operation. The advisability of reversing the anticoagulants 
must be considered. Crosby !°4 has advised that if vitamin K is admini- 
stered to reverse the coumarin type of anticoagulant, it should be given 
cautiously if a post-operative thrombotic tendency is to be avoided. 
He has pointed out that it is unusual for patients receiving anti- 
coagulants to bleed excessively at operation. 

Heparin is frequently administered to prevent intravascular throm- 
bosis during arterial canulation or local or general circulatory arrest. 
The recommended dose of heparin in these circumstances is from 
1-3mg per kilo body weight. Adequate heparinisation is also essential 
before any extracorporeal circulation. When heparin is deliberately 
added to the patient’s circulation it may be necessary to reverse its 
action at the end of the operation with an anti-heparin drug. Pro- 
tamine sulphate has, until recently, been the standard anti-heparin 
agent in a dose of Img of protamine to Img heparin. Protamine has 
serious disadvantages ; it must be accurately titrated against the heparin 
because protamine in excess of 2mg per kilo body weight, may produce 
a hemorrhage state!°5, Protamine must also be given slowly as it has 
been shown experimentally to cause an anaphylactic type of hypo- 
tension. If the protamine is administered shortly after heparin there 
may be a resurgence of the heparin effect when the protamine has 
worn off; the so-called heparin rebound!°®, This will occur usually 
after two hours!°5, Although this last disadvantage is shared by 
‘polybrene’, this new anti-heparin may be given in excess without 
provoking a hemorrhagic state; furthermore, polybrene does not 
appear to cause significant hypotension! 97, 


Treatment with salicylates and other agents 


Salicylates produce changes in blood coagulation in vivo and in 
vitro!08, Beaumont and his colleagues have observed a prolonged 
bleeding time due to aspirin in patients who have a bleeding tendency. 
Only slight changes occur in normal subjects. They suggest that the 
drug may induce hemorrhage in subjects in whom hemostasis is al- 
ready impaired !°9. Some caution is advisable, therefore, in the use of 
salicylates post-operatively especially when bleeding is troublesome. 
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Drugs such as sedormid, quinidine, carbromal, mersalyl and isoni- 
azid may, on occasions, cause purpuric manifestations in susceptible 
patients!1° 111, This reaction is usually associated with some agranu- 
locytosis and depression of megakaryocytic function. In addition, 
direct capillary damage has been suspected with some of these agents. 

Exposure to excessive doses of ionising radiation seriously depresses 
the activity of the bone marrow. Operations in the immediate post- 
irradiation period are especially hazardous due to the marked hemo- 
rrhagic tendency that ensues. The bleeding diathesis is not significantly 
ameliorated by fresh blood transfusion, but is improved by platelet 
transfusion! 12 113 and by lyophilised platelet material !14. 


Extracorporeal circulation‘ 15 


Certain hemostatic problems are peculiar to the use of an extra- 
corporeal circulation of blood, either for cardiopulmonary by-pass or 
for arterial by-pass during vascular surgery. Considerable evidence 
has accummulated to elucidate the cause of the clotting defect. 

Allen!15 stressed the importance of adequate heparinisation to pre- 
vent clot formation as the blood flows over the uneven surfaces in the 
machine. Platelet thrombi would otherwise be formed and produce 
embolic phenomena and by causing the liberation of endogenous 
fibrinolysins, their breakdown could produce a hemorrhagic state. A 
further disadvantage of platelet thrombi formation is that they appear 
to liberate an anti-heparin substance necessitating even larger doses of 
heparin! 16, Perkins et a/.117 suggest that 3mg heparin per body weight 
should be used to prevent thrombi formation and Gadboys ef a/.118 
have shown that when a patient is adequately heparinised the fibrin- 
like deposit in the extracorporeal circuit is, in fact, not fibrin, but frag- 
mented red cells. Should fibrinolysis occur and excessive bleeding 
ensue, it is recommended that 6 to 12g of fibrinogen in 200ml saline 
be administered! 15, 

Analmost instantaneous improvement in blood coagulation after the 
infusion of antihemophilic globulin has been reported in some cases 
that have had long periods on an extracorporeal by-pass. Blomback 
and Blomback!1!9 95 suggested that his may bea specific effect. Perkins 
et al.117 found that unless fresh blood is used in the extracorporeal 
circulation very low levels of platelets may be found as the platelets 
from blood, stored for even a short time, are more easily destroyed by 
the trauma of the artificial circulation. In the early cases the platelet 
count often fell to a very low level, possibly due to the presence of 
pyrogens. It has been suggested by von Kaulla et a/.12° that in some 
cases a circulating anticoagulant is liberated after periods of extra- 
corporeal by-pass which can be detected by a prolonged prothrombin 
time. These patients tend to withstand operative stress badly and to 
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develop cardiac arrythmias, heart block, hemorrhagic diathesis and 
cardio-vascular collapse. Circulating anticoagulant has also been re- 
ported by Muller!2°, This circulating anticoagulant which may also be 
found after hypothermia for open heart surgery! 22 is not heparin, as it 
is not always neutralised by protamine. It may be two factors, one of 
which may be Laegler’s anti-thrombin V 123. 

Hypothermia 


Lowering the body temperature causes a fall in the platelet count of 
the circulating blood. This is probably largely due to sequestration of 
platelets in the liver and spleen, a process almost completely reversed 
by rewarming!24, It has been shown that during hypothermia below 
25°c, the coagulation time is slightly prolonged, the bleeding time rises 
sharply and clot retraction becomes defective. Experiments in dogs 
suggest that the sequestration of platelets does not occur to the same 
extent if cooling is performed by an extracorporeal circulation rather 
than by surface cooling!25. Profound hypothermia to 15°c has not 
been found to beassociated with any special problems of hemostasis 12°. 
If large amounts of citrated blood are administered to patients under 
hypothermia, calcium chloride rather than calcium gluconate should 
be used to prevent untoward depression of the ionised plasma calcium. 


Effect of pH'27 


Carbon dioxide retention during anesthesia is usually associated with 
a pronounced increase in the amount of blood oozing from cut sur- 
faces. This is undoubtedly due, in part, to the effect of carbon dioxide 
on the smaller blood vessels, but alterations in pH also cause changes 
in the coagulation mechanism. Winterstein and Studer!27 found that 
the conversion of fibrinogen to fibrin was sensitive to pH. Deviations 
from the normal to pH 8.2 or to pH 6.1 prolonged the fibrinogen 
conversion time by about 25 per cent. At pH 7.5 the prothrombin 
conversion time is 100 per cent, it is reduced to 50 per cent at pH 6.5 
and 60 per cent at pH 8.8. Factor V determinations show a 30 per cent 
reduction when the pH is raised from 7.3 to 8.7. 

The circulating anticoagulant reported to occur in some cases during 
open heart surgery with either hypothermia or in an extracorporeal 
circulation, is considerably increased by a fall in pH !22. 

Acidosis is usually associated with clinical evidence of vasodilatation 
and capillary circulatory stagnation. It would appear probable that 
acidosis not only affects the coagulability of blood, but may also affect 
the vascular component of hemostasis. Alkalosis is not clinically 
associated with excessive bleeding at operation and there is evidence 
that decreased peripheral circulation may occur with hyperventilation. 
As the hematological findings of Winterstein and Studer!27 suggest 
that alkalosis may produce as severe disturbances of clotting as acid- 
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osis, the explanation of the clinical difference in these conditions 
probably lies in the response of the peripheral circulation to pH 
changes. 


Investigation of a patient who bleeds excessively 


Most conditions which predispose to dangerous bleeding following 
surgery are recognised by ordinary clinical examination before opera- 
tion. In these cases a history of spontaneous bleeding, or excessive 
bleeding after only minor trauma, is almost always obtained. Such a 
history must be treated seriously even though thorough hematological 
examination fails to reveal any abnormality. In a series of thirty-six 
patients with severe post-operative bleeding investigated by Diamond 
and Porter29 using the most modern techniques, nineteen showed no 
hematological abnormality. In those patients in whom an abnormality 
is detected precautionary steps can be taken. 

Investigation of a patient with a history of bleeding is a specialised 
one and should always be undertaken in collaboration with an experi- 
enced hematologist. Because the investigations are time consuming 
clinicians are apt to depend upon the time honoured, but unreliable 
and misleading, bleeding and clotting time tests. These tests may yield 
normal results in severe hemorrhagic diseases including mild to 
moderate hemophilia, which unless treated correctly may lead to fatal 
bleeding during surgery! 29. 

It is impossible to mention all the tests of hemostatic function here. 
In general any patient with a history of excessive bleeding in the past 
should be investigated by means of the following four tests: the one 
stage prothrombin time, the thromboplastin generation test !28 (or the 
partial thromboplastin time test !29), the bleeding time and an examina- 
tion of a stained blood film for platelet morphology and number? 130°, 
In patients with acquired bleeding states the same investigatory methods 
should be employed. In addition the thrombin time?? or thrombin 
titre72* tests are invaluable since by these means the diagnosis of 
bleeding due to defibrination syndrome can be established. With only 
slight modification of the thrombin time test it is possible to recognise 
bleeding due to circulating anticoagulant of the heparin type, or to 
fibrinolysis (such as sometimes occur in conditions of extreme shock). 
Diagnosis of the cause of excessive bleeding may be facilitated by 
attention to the possibility of the occurrence of predisposing causes 
such as accidental hemorrhage, salicylate poisoning, liver disease, or 
massive transfusion. 

SUMMARY 
Various conditions which may be associated with excessive bleeding 
during operations have been described. They have been separated into 
the (1) congenital hemorrhagic disorders, (2) bleeding diathesis associ- 
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ated with systemic disease, and (3) excessive bleeding as a result of 
operation or medical treatment. 

Certain inconsistencies must be borne in mind when such a condi- 
tion presents. The dissociation that can occur between conditions 
where the blood does not coagulate in vitro, yet excessive bleeding 
during operation is not found, and conversely, the existence of obvious 
pathological bleeding, when the blood clots normally in a test tube, 
and clot retraction is good. The conclusion that bleeding is due to a 
lack of a single factor, merely because its low titre can be demonstrated 
should be made with caution. The defects are often multiple and not 
only affect clotting, but also the integrity of the vascular component. 
The latter is difficult to measure. There is little doubt that were it more 
amenable to quantitative assessment vascular dysfunction would be 
frequently diagnosed in abnormal bleeding states associated with 
anesthesia and surgery. 
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Spinal dysraphism and the anesthetist 


J. D. WHITBY, MA, MB, FFARCS 


Consultant Anesthetist, Department of Neurosurgery 
Newcastle General Hospital 


Recently Lassman and James! have shown that certain types of pro- 
gressive deformity of the foot and neurological deficit in the lower limb 
are the result of a group of congenital anomalies of the spinal cord and 
cauda equina for which they have revived the name, first used by 
Lichtenstein2, of spinal dysraphism. They have described three main 
varieties: a traction group, consisting of cases with diastematomyelia 
or with fibrous bands tethering the cord or nerve roots; a pressure 
group, including intrathecal lipomata, fibrous constricting bands and 
inverted lamine; and a combined group in which both factors are 
operating. Like Ingraham and Matson in their series of cases of 
diastematomyelia, they found that the clinical signs and symptoms 
could be halted and even improved by operation. As the progressive 
nature of this disease is associated with the relative ascent of the spinal 
cord within the spinal column, the sooner this operation is performed, 
the better. Ofa series of thirty children of twelve years of age and under 
anesthetised for lumbar laminectomy during the last three years, 
twenty-seven were being operated on for this condition. 

Electro-myography was done in every case. This procedure can be 
an ordeal for the younger child and is now being abandoned. The 
second investigation was myelography and no child enjoys undergoing 
a lumbar puncture, which can be difficult in the presence of a bony 
abnormality of the spine. Consequently, by the time that these children 
were seen by an anesthetist, they were often apprehensive and were 
sometimes terrified at the sight of a syringe or hypodermic needle. The 
lumbar route is now being supplanted by the cisternal route. 

Myelography is easier for the neuro-radiologist¢ if the child is fully 
conscious and able to co-operate. However, if the child is under five 
years of age, if the first attempt at introducing the myodil has been 
unsuccessful, or if the cisternal route is being used, general anesthesia 
is essential. 

The main points about this investigation are: the child may be 
apprehensive and frightened of injections; the procedure is carried out 
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in the dark; inflammable anesthetics are not permissible; the child will 
be placed in three different positions, the lateral, the prone and the 
supine; and lastly, the child may be tilted first head up and then head 
down in stages, for anything up to 80° from the horizontal in each 
direction. 

A small volume rectal thiopentone suspension proved very satis- 
factory as a basal narcotic and the dose was usually a little under 20mg 
per | lb body weight. Atropine was given five to ten minutes later when 
the child was asleep. The timing is critical as the effect of the thiopen- 
tone begins to wear off after thirty minutes. Suxamethonium was used 
for intubation and anesthesia maintained with nitrous oxide, oxygen 
and trichlorethylene using an Ayre’s T-piece. A child’s blood pressure 
is more resistant to changes of posture than an adult’s and we have not 
found the tilting a contra-indication to the use of rectal thiopentone 
in the absence of surgical trauma and blood loss. The prone position 
is not an ideal one as far as respiration is concerned, but the paramount 
consideration is to prevent the body from slipping when tilted to a 
high angle. 

An armoured endotracheal tube is an advantage and some kind of 
cardiac and respiratory monitoring device should be used. The simplest 
is probably a single stethoscope, with one tube attached to an all plastic 
diaphragm end fixed to the chest wall and the other to a second T-piece 
inserted into the free end of the respiratory exhaust tube. The anzs- 
thetic machine must be well clear of the table and the neuro-radiologist. 
As the head of the table may rise to a height of over seven feet and 
moves in a horizontal as well as a vertical plane, a considerable length 
of tubing is required. All tubes should be fixed where they leave the 
table. 

For the laminectomy, the anesthetic technique is a matter of indi- 
vidual choice. We have again favoured basal narcosis with rectal 
thiopentone in the majority of cases, using bromethol in the older 
apprehensive child in whom the dose of rectal thiopentone would be 
2g or over. The prone position has been used and, as with any lam- 
inectomy, a good position without any respiratory embarrassment or 
pressure on the abdomen is essential if extra-dural venous engorgement 
is to be avoided. 

The post-operative course is a painful one. For two or three days 
the child lies still, afraid to move its legs and regular and adequate 
doses of analgesic drugs are essential. The improvement on the third 
day is often dramatic. 
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Anatomy for anesthetists 


(3) The diaphragm 
HAROLD ELLIS, Mch, 
Senior Lecturer in Surgery, Westminster Hospital 
Illustrated by 
MARGARET C. McLARTY 


The Radcliffe Infirmary, Oxford 


The diaphragm constitutes the great muscular septum between the 
thorax and the abdomen; it is one of the distinguishing f tures of 
mammalian anatomy. 


ANATOMICAL FEATURES (FIG. 1) 


The diaphragm consists of peripheral muscle with a central trefoil- 

shaped tendon of strong interlacing bundles blending above with the 

fibrous pericardium. The muscle takes a complex origin from the 
crura, the arcuate ligaments, the costal margin and the xiphoid. 

1 The crura arise from the lumbar vertebral bodies; the left from the 
first and second, the larger right from the first, second and third. 

2 Thearcuate ligaments are the median, which isa fibrous arch joining 
the two crura, the medial, which is a thickening of the fascia over 
the psoas, and the /ateral, which is a condensation of fascia over 
quadratus lumborum ending laterally near the tip of the twelfth rib. 

3 The costal origin is from the tips of the last six costal cartilages. 

4 The xiphoid origin comprises two slips from the posterior aspect of 
the xiphoid. 

The diaphragmatic foramina (F1GS. 1 and 2) 

The three major openings are for: 

1 The inferior vena cava, at the level of the body of the eighth 
thoracic vertebra. 
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FIG. 1 The diaphragm - abdominal aspect 


2 The esophagus, together with the vagi and the cesophageal vessels, 
at T 10. 
3 The aorta, together with the thoracic duct and azygos vein, behind 
the median arcuate ligament at T 12. 
In addition: 
The sympathetic trunk passes behind the medial arcuate ligament, the 
splanchnic nerves pierce the crura, the hemiazygos vein drains through 
the left crus, the superior epigastric vessels pass between the xiphoid 
and costal origins of the diaphragm into the posterior rectus sheath, 
the lower intercostal nerves and vessels enter the anterior abdominal 
wall between the interdigitations of diaphragm and transversus abdo- 
minis and lymphatics stream from the retroperitoneal tissues through 
the diaphragm to the mediastinum. 
Note that the esophageal hiatus is reinforced by a sling of muscle 
fibres from the right crus, which probably play a part in maintaining 
competence at the cesophago-gastric junction. Not uncommonly the 
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F1G. 2 Schematic lateral view of the diaphragm to show the 
levels at which it is pierced by major structures 


left crus supplies some of the fibres forming this sling which is 
occasionally derived solely from it!. 


Nerve supply 


The phrenic nerve (C3, 4 and 5) provides the motor supply of the dia- 
phragm, apart from an unimportant contribution to the crura from 
T 11 and 12. Section of the phrenic nerve is followed by complete 
atrophy of the corresponding hemi-diaphragm. The phrenic nerve also 
transmits proprioceptive fibres from the centre of the diaphragm, al- 
though the periphery of this muscle has its sensory supply from the 
lower thoracic nerves. 

The right phrenic nerve pierces the central tendon to the lateral side 
of the inferior vena cava (some fibres may actually accompany the vein 
through its foramen). The left nerve pierces the muscle about lcm 
lateral to the attachment of the pericardium. The terminal fibres of 
each nerve supply the muscle on its abdominal aspect. 
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THE DIAPHRAGM AS A MUSCLE OF RESPIRATION 


The apex of the dome of the diaphragm reaches the level of the fifth rib 
in the mid-clavicular line, i.e., it is level with a point about | in below 
the nipple. The right hemi-diaphragm is rather higher than the left, 
and both domes rise somewhat in the horizontal position. When the 
subject lies on his side the upper cupola sinks to a lower level than its 
partner and its movements are relatively diminished. The level of the 
diaphragm is elevated in late pregnancy, gross ascites or obesity, in 
pneumoperitoneum and in patients with large abdominal tumours; 
such subjects have some degree of respiratory embarrassment. 

In inspiration the diaphragm moves vertically downwards (the 
domes considerably more than the central tendon) and this has a 
piston-like action in enlarging the thoracic cavity. A subsidiary effect 
is that the lower costal margin is raised and everted with consequent 
expansion of the base of the thorax. 

In expiration, the diaphragm relaxes; in forced expiration it is actu- 
ally pushed upwards by the raised intra-abdominal pressure effected 
by contraction of the muscles of the anterior abdominal wall. 

It is estimated that the movement of the diaphragm accounts for 
some 60-75 per cent of the total tidal volume of respiration; in some 
subjects during quiet breathing it may, indeed, be the only functioning 
muscle in inspiration. It is interesting, therefore, that bilateral phrenic 
interruption with complete diaphragmatic paralysis may cause little 


respiratory difficulty providing that the lungs are relatively normal. In 
quiet respiration the diaphragm has a range of movement of 1.5cm. 
In deep breathing this increases from 7 to 13cm2. 

As well as its important role as a muscle of respiration the diaphragm 
helps raise the intra-abdominal pressure in defecation, micturition, 
vomiting and parturition as well as taking part in the mechanism of 
the ‘cardiac sphincter’. 


THE DIAPHRAGM AND THE ‘CARDIAC SPHINCTER’ 


At the cardio-cesophageal junction there exists a rather extraordinary 
sphincter mechanism which allows food and liquids to pass readily into 
the stomach, which prevents free regurgitation into the esophagus even 
when standing on one’s head or in forced inspiration (when there is a 
pressure difference of about 80mm/Hg between the intra-gastric and 
intra-cesophageal pressures), but which can relax readily to allow 
vomiting or belching to occur. 

In spite of intensive investigations, the exact nature of this sphincter 
is not understood; it is probably a complex affair made up of: 
1 A physiological muscular sphincter at the lower end of the 

cesophagus. 
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A plug-like action of the mucosal folds at the cardia. 

A valve-like effect of the obliquity of the eesophago-gastric angle. 
A diaphragmatic sling which maintains the normal position of the 
cardia and has a pinch-cock action on the lower cesophagus. 

Althougha true anatomical sphincter cannot be shown by dissection, 
a physiological sphincter can be deduced from the high pressure zone 
demonstrated within the lower cesophagus, which disappears when the 
cesophageal muscle is divided (as in Heller’s operation for achalasia of 
the cardia). Reinforcing the sphincter are the mucosal folds of the 
cardia which act as a plug wedged within the muscular ring}. 

The crural sling of the diaphragm around the lower cesophagus is 
important in maintaining the normal position of the cardio-cesophageal 
junction below the diaphragm. If the hiatus is enlarged and lax, the 
stomach can slide upwards into the chest (a ‘sliding hiatus hernia’) and 
the normal valve-like angle between cesophagus and cardia straightens 
out. 

There also appears to be a definite ‘pinch-cock’ mechanism on the 
cesophagus when the diaphragm contracts in full inspiration; a phase 
at which intra-thoracic pressure is lowest, intra-abdominal pressure 
highest and conditions most favourable for fluids to be forced at high 
pressure upwards through the cardiac orifice. The diaphragm is an 
important, but not essential, part of the cardiac sphincter mechanism 
since a sliding hiatus hernia is not necessarily accompanied by re- 
gurgitation providing the physiological sphincter is competent. Simi- 
larly free regurgitation occurs in some subjects with an apparently 
normal cesophageal hiatus, presumably because of some defect in the 
function of the physiological sphincter. 
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An investigation of new fluorine compounds 
in anesthesia (4) 


Examination of an ethane and four ethers 
T. H. S. BURNS, MA, BM, BCh, FFARCS* 
St Thomas’s and the Royal Northern Hospital 
J. M. HALL, MB, BS, FFARCS* 


Guy’s Hospital 


A. BRACKEN, FRIC 
G. GOULDSTONE 


British Oxygen Company Limited 


Following the trial, on mice, of certain new fluorinated compounds! 2, 
a further group of chemicals was received from Professor Stacey and 
his colleagues Professor J. C. Tatlow and Dr G. Fuller, of Birmingham 
University. 

These compounds were: 

(2-Chloro 1,1,2-trifluoroethyl) methyl ether CHCIF:CF:0:CH3 

boiling point = 69°c3 

(2-Chloro 1,1,2-trifluoroethyl) ethyl ether CHCIF:CF7-0-C2Hs 

boiling point=88°c3 

(2-Chioro 1,1,2-trifluoroethyl) iso-propyl ether 

boiling point = 100°c3 

(2-Chloro 1,1,2-trifluoroethyl) n-propyl ether 

boiling point = 109°c3 

1,2-difluoro 1,1,2-trichloroethane CFCl,-CFHCI 

boiling point=72°c3 
*In receipt of a Medical Research Council grant 


This work was carried out in the Inter-departmental Laboratory at Guy’s 
Hospital on behalf of the Medical Research Council’s Committee on Non- 
explosive Anzsthetics 
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EXPERIMENTAL TECHNIQUE 


(a) The mouse test apparatus 


The compounds under test were all liquids at normal temperatures so 
it was possible to use a constant gas flow technique employing the 
simplified apparatus previously described!. Variations of the level of 
the liquid in the vaporiser, the gas flow rate, and the temperature of the 
bath surrounding the vaporiser, were used to obtain various concen- 
trations of the compounds in oxygen. The gases were led from this 
vaporiser to the mouse container, and then through sample tubes which 
were placed in position at the beginning of the experiment and were 
not removed until the end. The same tests for anesthesia were used, 
and surviving mice were, as before, sacrificed after an observation 
period of forty-eight hours. 


(b) Record of results 


As in previous experiments!, a tape recorder was used for recording 
events as they occurred. 


(c) Analysis of samples, purity and stability to soda lime 


Samples were analysed by the Bone and Wheeler method described 
previously. Gas chromatography was used to test the purity and 
stability to soda lime. In the case of soda lime the exposure was in a 
sealed tube at 70°c for three hours‘. 


(d) Inflammability tests 


Simple inflammability tests were carried out on each compound. In 
some cases an attempt was made to ignite samples of the mixture issu- 
ing from the vaporiser under the test conditions; in others attempts 
were made to ignite samples of the liquid. In the case of (2-Chloro 
1,1,2-trifluoroethyl) n-propyl ether, the test was made quantitative, 
because slightly larger amounts were available. The flash point was 
obtained using the Pensky Martens closed cup method. The saturation 
vapour pressure at the temperature of the flash point was then deter- 
mined. This pressure figure, when converted into the more usual ratio, 
v/v, gave the lower limit of inflammability. The procedure outlined 
cannot be used to find the upper limit of inflammability. This can only 
be done by the use of a method such as that of Coward and Jones®. In 
the case of liquids, the experimental technique is extremely difficult, 
and furthermore, requires much larger quantities than were available. 
The investigation of the upper inflammability limit was, therefore, not 
pursued, in view of its small clinical significance when related to our 
current work. 
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EXPERIMENTAL RESULTS 


All five compounds were pure and stable to soda lime. Other results 
are summarised below: 


(2-Chloro 1,1,2-trifluoroethyl) methyl ether 


4.1 per cent and 5.5 per cent v/v for five minutes on two separate mice 
gave uneventful induction and anesthesia, with rapid recovery and 
survival for the forty-eight-hour period. 

10 per cent for five minutes in one mouse gave rapid induction fol- 
lowed by deep anesthesia with slow respirations. This mouse died two 
minutes after conclusion of the test. 

The compound was not inflammable in air, but burned at approxi- 
mately 10 per cent v/v in oxygen. 


(2-Chloro 1,1,2-trifluoroethyl) ethyl ether 


1.9-3.1 per cent was used on three separate mice for three to ten 
minutes. Two died within thirty-six hours of tests. During the early 
stages of anesthesia the mice showed jerky, twitching movements of 
their limbs. 

The substance was non-inflammable in air. Preliminary tests failed 
to produce ignition in oxygen. 


(2-Chloro 1,1,2-trifluoroethyl) iso-propyl ether 


Seven experiments on seven separate mice (concentrations 1.7-2.4 per 
cent) were carried out with this substance. Exposure was for ten 
minutes. All mice showed jerky convulsive movements and recovery 
was slow. All died within forty-eight hours. 

The compound did not burn in air, but the warm liquid could be 
made to burn in oxygen. 


(2-Chloro 1,1,2-trifluoroethyl) n-propyl ether 


Five experiments were carried out on five separate mice. Concentra- 
tions were from 1.0-1.3 per cent and exposure was for ten minutes. All 
mice showed jerky movements during induction, but all survived the 
forty-eight-hour period. 

The lower inflammability limit of this substance was 2.59 per cent in 
air and 2.33 per cent in oxygen. 


1,2-difluoro 1,1,2-trichloroethane 


Three mice were used. The concentrations varied from 0.7-3.7 per cent. 
Exposure was for two-and-a-half minutes in each case. Induction, 
maintenance and recovery were uneventful. 

This compound could not be made to burn in air or oxygen. 
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DISCUSSION 


A homologous series of compounds, such as the ethers examined here, 
would appear to be ideal for the evaluation of the anesthetic proper- 
ties bestowed on a molecule by the inclusion of certain atoms or 
functional groups. Thus it should be possible in this case to correlate 
the change in clinical effects obtained through the series with such 
factors as the degree of fluorination of the molecule. Little change in 
anesthetic potency, for instance, would indicate that the ether group 
may be a more important factor in promoting anesthetic activity than 
either the degree of fluorinatior or the increase in molecular weight. 

(2-Chloro 1,1,2-trifluoroethyl) methyl ether was a fairly potent anxs- 
thetic, giving a completely pleasant and uneventful anesthesia, with 
quiet respiration. The death of one mouse appeared to be due to nor- 
mal overdosage and suggests that the therapeutic index is quite high 
for this compound. The surviving mice appeared well at the end of 
forty-eight hours. 

This compound has been further tested by others’ and rejected on 
the grounds of initial excitement, and tremors during anesthesia at 
1.5 per cent. 

(2-Chloro 1,1,2-trifluoroethyl) ethyl ether was again a fairly potent 
anesthetic. It produced a certain amount of excitement during induc- 
tion and spasmodic twitching during maintenance. In all cases the onset 
of anesthesia was rather sudden. The mice used in two experiments 
convulsed during recovery, but the third was much quieter throughout. 
All mice adopted a peculiar hunched posture after recovery, this being 
most marked in the mouse receiving the highest concentration. 

This compound has been further tested by others? and rejected 
because of its very low therapeutic index. 

(2-Chloro 1,1,2-trifluoroethyl) iso-propyl ether was a fairly potent 
anesthetic. There was a certain amount of excitement during induc- 
tion, but maintenance was usually quiet with regular respiration. Re- 
covery in all cases was rather protracted and followed the same general 
pattern. Return of consciousness was accompanied by a spasm of 
violent trembling; when this passed, the mouse was able to move in an 
unco-ordinated manner, the paws not functioning correctly. This par- 
ticularly applied to the hind paws which were spread out sideways 
‘Charlie Chaplin’ fashion. The mice seemed to have a tendency to lean 
to the right and to attempt to push their heads into a corner. They held 
themselves in a hunched position much as mice recovering from the 
previous compound. All surviving mice died during the forty-eight- 
hour observation period. One died during the experiment. 

This compound has been further tested by others? and rejected 
because of its very low therapeutic index. 

(2-Chloro 1,1,2-trifluoroethyl) n-propyl ether was rather more potent 
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than the previous compounds. Increasing the concentration from 1.0- 
1.3 per cent was sufficient to change light anesthesia into very deep 
anzsthesia—almost to respiratory arrest. Some excitement was ob- 
served during induction, but maintenance was, on the whole, quiet, 
with regular respiration. Recovery was much more rapid than with the 
iso-compound and more complete. Only brief shivering spasms were 
observed. All mice survived the forty-eight-hour observation period. 

Further tests were not carried out on this compound because of its 
inflammability. 

These compounds are all quite powerful anesthetics, but have not 
shown the gradation of properties that might be expected if increase in 
potency went with increase in molecular weight. The methyl and 
n-propyl compounds are very similar as anesthetics and are not 
entirely without promise. The ethyl and iso-propyl compounds are 
unsatisfactory. 

1,2-difluoro 1,1,2-trichloroethane showed considerable promise, pro- 
ducing anesthesia in concentrations of 1-4 per cent and not reacting 
with soda lime. Simple tests suggest that it is non-inflammable in air 
and in oxygen. Further supplies are being obtained for investigation 
at Oxford by Professor W. D. M. Paton and his colleagues. 
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Indirect estimation of arterial pCO, 
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Research Assistant 


Department of Anzsthetics, The Medical School, King’s College 
University of Durham, Newcastle upon Tyne 


It is frequently desirable to know the arterial pCO: of a patient who is 
paralysed and on IPPR. Direct measurement can be made on a sample 
of arterial blood in certain circumstances, but frequently, either in an 
anesthetic emergency or in the routine care of patients on respirators, 
this is not practicable. Various indirect methods have, therefore, been 
used, usually dependent either on obtaining ‘arterialised’ blood from 
some other site, or on collecting a specimen of gas from the lungs 
whose pCO> bears a known relationship to the arterial. This paper is 
concerned with the value of four such techniques, using blood from 
the ear or the back of the hand and using gas obtained by a rebreathing 
technique, or end-tidal. Investigations are reported on thirty-three 
patients. 


I Blood from the lobe of the ear 


The conventional methods for the estimation of the pCO. of blood 
require considerable skill and time in the measurement and a sample 
of several ml of blood. However, the introduction by Astrup! of his 
micro-method enables estimations to be made on only two or three 
drops. Further, the method is relatively quick and within the technical 
abilities of most clinicians. This part of the paper concerns an investi- 
gation of the correlation between the pCO of capillary blood obtained 
from the lobe of the ear and the pCO2 of synchronously drawn 
arterial samples. 


METHOD 


The subjects were ten unselected patients coming for major abdominal 
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surgery. Premedication was according to established principles. Anes- 
thesia was induced by a ‘sleep’ dose of thiopentone, endotracheal in- 
tubation was performed after relaxation by suxamethonium or d- 
tubocurarine, and anesthesia was maintained by 70 per cent nitrous 
oxide-oxygen and IP PR, either by a respirator or manually in a closed 
circuit with leak, using CO2 absorption by sodalime and excess fresh 
gases. In addition, a small amount of inhalational agent was occasion- 
ally used in the process of ‘settling’. The respiratory activity was not 
measured, but the anesthetist in charge maintained it as nearly con- 
stant as possible. The specimens of blood were obtained synchronously 
not less than fifteen minutes after the start of 1PpPR and thereafter as 
required. When requested, the surgeon drew 3-Sml of arterial blood 
from a major intra-abdominal vessel into a heparinised syringe. To 
facilitate obtaining specimens from the ear, the lobe was vigorously 
rubbed with a 2 per cent histamine cream for about one minute im- 
mediately after induction of anesthesia. In addition, it was flicked 
with the finger for about thirty seconds immediately before the sample 
was drawn. A deep puncture was made and a heparinised tube 9cm 
long and 1mm internal diameter was filled from the drops by capillary 
action. This process took about thirty seconds. The pH of the blood 
was immediately estimated by the micro-Astrup apparatus in the ad- 
joining anesthetic room and the pH of the arterial blood was similarly 
measured immediately afterwards. These two important measurements 
were each made within two to three minutes of the samples being col- 
lected. Further specimens were drawn as convenient to the surgeon, 
up to a maximum of four pairs. Parts of the arterial specimens were 
equilibrated in duplicate with the gases of known CO> tensions accor- 
ding to Astrup’s technique and their new pH was recorded. From these 
data the pCO, of the original specimens of blood were determined by 
the established method of interpolation. The actual determined value 
of pCO, of the ear blood was corrected by +0.5mm/Hg for reasons 
set out in the Appendix. 


RESULTS 


Wewill define a clinical state of ‘autonomic upset’ as comprising pallor, 
sweating and a marked alteration of pulse rate and/or blood pressure 
from the normal values immediately preceding. 

Twenty-one estimates of the synchronous pCO; of arterial and ear 
blood were made on nine subjects in the apparently normal state. The 
values are shown as the circles in FIG. 1. The agreement was excellent. 
The mean deviation about the line of perfect correlation was nil and 
the standard deviation was +1.3mm/Hg. The range, mean +SD, is 
shown as the broken lines. In contrast, the crosses show six results 
from two patients in autonomic upset, linked to differentiate the two. 
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FIG. 1 The pCO, of capillary blood from the ear is plotted against the syn- 
chronous arterial pCO2. @, normal patients. X, patients with autonomic upset. 
The broken lines represent the range, mean deviation + standard deviation, of 
the points obtained from the normal patients. 
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No point fell within the range, mean +SD, and indeed only one point 
fell within the 95 per cent confidence limits of the method on the nor- 
mal subjects. Apparently, we were unable to obtain arterialised blood 
from the ears of the patients with autonomic upset. It is very likely 
that the upset was the cause of this since a pair of specimens obtained 
from one of these patients before the upset began showed a ‘normal’ 
difference of pCO 2, arterial minus ear, of only 0.8mm/Hg. 

These results will be considered more fully in the discussion in 
PARTIII, where more evidence is available. 


II Rebreathed gas samples 


It is well established that in spontaneous respiration, even in the 
diseased patient, a carefully controlled technique of rebreathing of a 
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gas sample can allow reliable indirect estimation of arterial pCO2. 
Such a technique provides a specimen of gas having the same CO2 
tension as mixed venous blood'!4 7 and the difference between this 
value and that of the arterial blood is fairly constant at S-6mm/Hg and 
is largely independent of the cardiac output or respiratory health of the 
patient!7 1° 6, Such a technique should also be of value under general 
anesthesia and 1PPR. Griggs, et a/.9 and Campbell (personal com- 
munication) have used it to monitor the artificial ventilation of patients 
under treatment for respiratory failure, but have not given data of its 
accuracy. This part of the paper reports the results of using a 
rebreathed gas technique on the same ten subjects. 


METHOD 


The actual technique has been in use in this Department for many 
years, but has not been described previously. Four separate periods of 
rebreathing are used, each lasting fifteen seconds and separated by not 
less than a minute during which fresh gases are respired. The original 
gas mixture is about | litre of 5 per cent carbon dioxide-oxygen and is 
exchanged with the air in the lungs by manual pressure on the bag five 
to ten times in each fifteen-second period. In these particular investi- 
gations the time after the third rebreathing was prolonged to about 
two minutes and at the end of this the arterial and ear-blood specimens 
of the previous part were drawn. The final period of rebreathing took 


place immediately afterwards. The sample was analysed for CO2 by an 
infra-red gas analyser, appropriately calibrated 8. 


RESULTS 


The results of twenty-seven comparisons between the pCO> of re- 
breathed gas and arterial blood are shown in FIG. 2. It is at once 
apparent that the specirnens from the patients with autonomic upset 
did not show distinctive behaviour or lack of correlation. This is in 
contrast to the findings with specimens of ear-blood. The mean differ- 
ence between the values for the gas and arterial blood specimens was 
5.0mm/Hg and the SD of all the points about this mean was +3.8mm/ 
Hg. Thus it is likely that an estimate by the rebreathed gas technique 
is not liable to important systematic error as a result of autonomic 
upsets, but has quite a large inherent error. It would be of value to 
know whether this represented a chance error of technique or a true 
repeatable physiological variation of each subject from the general 
behaviour. Accordingly, the mean difference of pCO>2, rebreathed gas 
minus arterial, was calculated for each patient. The values were 0.3, 
9.2, 9.3, 8.0, 0.6, 5.7, 3.6, 2.4, 9.7, 4.8, having a grand mean of 5.4mm/ 
Hg. The SD of each patient’s mean value about this was +3.5mm/Hg, 
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FIG. 2 The pCO? of rebreathed gas samples is plotted against the synchronous 
arterial pCO2. @, normal patients. X, patients with autonomic upset. The broken 
lines represent the range, mean deviation + standard deviation, of all the points. 


which strongly suggested that the original SD of +3.8mm for each 
point was largely due to genuine differences in behaviour between 
patients. This conclusion was supported by the finding that for those 
patients on whom more than one estimate was made, the SD of each 
single estimate about the patient’s own mean was only + 1.6mm/Hg. 


Ill Comparison of rebreathed gas samples with ear blood 


It seemed from the results of PART | that a significant proportion of 
patients (two of ten) might provide samples of ear blood having a 
much higher pCO, than the arterial value. PART 11 showed that the 
pCO> of synchronous samples of rebreathed air bore the normal re- 
lationship to arterial. The variations were therefore studied in a 
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further series of patients in whom arterial blood was not drawn. 


METHOD 


Eighteen patients were investigated who gave forty-eight corresponding 
pairs of gas and blood samples. The methods of obtaining and 
measuring these were as before. 


RESULTS 


The results will be discussed in relation to F1G. 3. The diagonal line 
represents the imaginary circumstance in which the pCO? of rebreathed 
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FIG. 3 The pCO? of rebreathed gas samples is plotted against the pCO> of syn- 
chronous ear blood samples. For discussion see text. 4= , mean values obtained in 
patients of second series with autonomic upset. X, mean values obtained in 
patients of first series with autonomic upset. O (unlinked), mean values obtained 
in normal patients of second series. O-O, values of individual points obtained in 
two patients of second series who did not show autonomic upset (see text). 
@, mean values obtained in normal patients of first series. 
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gas is equal to the pCO: of ear blood. If the experimental techniques 
were satisfactory and the ear blood was fully arterialised, no point 
could lie below the line (since it would represent absorption of CO2 
from the inspired air instead of excretion into it). The vertical crosses 
show the mean values for three patients with clinically obvious auto- 
nomic upset. It is most unlikely that these findings are due to technical 
errors since they represent the mean values of groups of 3, 3 and 4 
points. Once again, it appears that in a significant proportion (3 of 18), 
a clinical finding of autonomic upset occurred at the same time as an 
inability to obtain arterialised blood from the ear. It was of interest 
that one of these patients whose autonomic upset was clearly related 
to the manipulation of the vagus nerve, prior to its section, was treated 
by intravenous atropine and thirty minutes later the difference between 
gas and ear blood pCO» was ‘normal’ at +6.8mm/Hg. For compari- 
son, the mean results for the two patients with autonomic upsets in the 
first series are shown as the diagonal crosses. 

The hollow circles which are not linked together show the mean 
results for another thirteen of this group of patients. They are clearly 
within the expected range of differences of pCO2, gas minus blood, all 
points being at least 3mm above the line. The results for the remaining 
two patients of this group are shown as hollow circles, the individual 
points for each being linked. The subject with the higher values of 
pCO» was undergoing exploratory laparotomy for carcinoma of the 
bile-ducts. The lowest point, which bears a normal relationship to the 
line, was obtained before the exploration. The two higher points were 
obtained within a few minutes of each other during manipulation in 
the region of the porta hepatis. Their disposition strongly suggested a 
similar autonomic upset to those above. But there were no clinical 
signs of this. The patient did not become more pale than previously, 
he did not sweat, and his pulse rate and blood pressure remained 
steady. The other subject for whom three linked points are shown in 
the figure was a robust, lightly anesthetised man, undergoing repair 
of a direct inguinal hernia. He also did not show signs of autonomic 
upset. 

For completeness, the mean results for the normal patients of the 
first series are similarly shown as solid circles. None of them fell below 
the line. 


DISCUSSION 


(1) Ear blood 
It is concluded that the blood obtained from the ear, at least by our 
technique, is likely to have a pCO> seriously different from that of 
arterial blood in an important number of subjects. The discrepancy 
occurred in all those who showed pallor, sweating and a sudden change 
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in pulse rate or blood pressure. This syndrome of autonomic upset 
occurred in five out of twenty major upper abdominal operations. In 
two other patients, the pCO2 of the ear blood was repeatedly much 
higher than expected from rebreathed gas samples, almost certainly 
implying a serious discrepancy from the true arterial pCO>2. These two 
patients did not show the syndrome of autonomic upset. 

The changes in the circulation in the ear may last throughout much 
of the operation. In four of the five cases their duration was more than 
twenty minutes and in the fifth, measurements could only be made for 
ten minutes, but the discrepancy was then greater than initially. Only 
once was a return to normal confirmed by measurements during the 
operation. 

It is an important criticism of a technique that it should be seriously 
at fault on perhaps 25 per cent of occasions, but even more important 
that these occasions should not always be detectable. It was not pos- 
sible to forecast the changes in ear blood by other signs of possible 
autonomic upset. Quite large changes in pulse rate and blood pressure 
occurred while the pCO> of ear blood specimens still gave satisfactory 
correlation with arterial pCO>2. Similarly, satisfactory correlation was 
obtained in two patients who sweated markedly without pallor. In 
general, the ease with which the blood was obtained from the ear was 
a useful indication of whether or not there would be good correlation, 
but this was by no means invariable. 

It is possible that there may be some other practical aid to obtaining 
arterialised blood from the ear, such as intense local heating, but it is 
also possible that since the vasodilating effect of general anesthesia 
and histamine cream were not adequate, the change in circulation may 
be mediated at some site central to the actual ear lobe and that mere 
local treatment may not suffice. 


(11) Rebreathed gas samples 


The mean differences between the pCO, of rebreathed gas samples 
and of arterial blood found by other workers were 6.2mm/Hg in sixty- 
one samples!°; 6.1 in fifteen samples and 5.7 in a different series of 
fifteen samples®. The results of the present investigation gave mean 
differences of pCO2, rebreathed minus arterial, 5.0mm/Hg (27 points); 
rebreathed minus ear, 5.2mm/Hg (48 points). The question therefore 
arose whether to assume that under general anesthesia and 1? PR the 
arterial CO2 tension was better estimated by subtraction of 5 rather 
than 6mm/Hg from the pCO; of the rebreathed gas sample. 

It was suggested above that 5 of the 48 points in the second series of 
patients represented circumstances in which the ear blood was not 
arterialised. If this was true, they should not have been included in the 
estimate of the mean difference of pCO>, rebreathed gas minus arterial- 
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ised ear blood. When they are excluded from the results, the new mean 
difference becomes 6.5mm/Hg and the SD of the 43 points about it is 
+3.0mm/Hg. This finding is quite strong evidence that the difference 
under general anesthesia and IP PR is not reduced to Smm/Hg. It will 
also be remembered that in PART 11 the mean difference, rebreathed 
gas minus arterial, was considerably higher when calculated as the 
mean for patients than when calculated as the mean for points (by 
+0.4mm/Hg). It is therefore considered that the investigations re- 
ported here are not sufficiently conclusive to recommend that under 
general anesthesia and IPPR, the difference in pCO2, rebreathed gas 
minus arterial, should be considered to be other than the 6mm/Hg 
already authenticated for spontaneous respiration in the conscious 
subject. 

The SD of a single estimate, of probably rather less than 3.8mm/Hg, 
is appreciably higher than those reported for spontaneous respiration 
(2.910; 2.4 and 2.9mm/Hg®). The various sources of error have been 
discussed by Campbell and Howell and will not be reiterated here. 
But it is reasonable that the scatter should have been rather larger 
among measurements made in the variable physiological and pharma- 
cological states accompanying anesthesia and major surgery, than in 
the controlled resting conditions of the other workers. 


IV _ Blood from the back of the hand 


It is well known that general anesthesia causes vasodilatation of skin 
vessels. The veins on the back of the hand largely collect blood which 
has only passed through skin since leaving the arterial tree and this 
venous blood will be arterialised on vasodilatation. Brooks and Wynn¢ 
reported estimations made on samples from ten patients under general 
anesthesia with the use of relaxant drugs and 1PPR. The mean differ- 
ence of pCO2, venous minus arterial blood, was 1.1mm/Hg (range 
—1.1mm — +5.0mm). The patients of PART I were, therefore, further 
investigated to see whether a technique without special aids to vaso- 
dilatation could be useful for the estimation of arterial pCO. under 
normal conditions in the operating theatre. 


METHOD 


Attempts were made to draw blood from the backs of the hands of 
most of the ten patients, synchronously with the collection of the speci- 
mens of arterial and ear blood. Venepuncture was performed in the 
usual way a few minutes before the sample was required and the con- 
stricting tourniquet was then removed. This was to allow several min- 
utes of unimpeded flow through the vessels before the blood was 
drawn. Thirty seconds before the specimen was required, the veins 


‘ 


454 ANASTHESIA 


were lightly flicked to increase their dilatation. Blood was drawn with- 
out further constriction of the limb. One ml was taken into a heparin- 
ised syringe and its pCO2 was estimated by the Astrup method within 
four minutes. On nine occasions the hand was not readily available 
and no attempt was made to obtain the blood. Thirteen specimens 
were satisfactorily taken. On five occasions this was not possible owing 
to technical difficulty. 


RESULTS AND DISCUSSION 


The results of the measurements on thirteen samples are shown in 
FIG. 4 plotted against the synchronous arterial pCO2. Only onepatient 


50 


b 


w 


a 
Zz 
< 

= 
= 
2 

O 


L 


20 30 40 


PCO, MM HG (ART) 


FIG. 4 The pCO> of samples of blood from the back of the hand is plotted 
against the sy~chronous arterial pCO2. @, normal patients. X, patients with 
autonomic upset. The broken lines represent the range, mean deviation + 
standard deviation, of all the points. 
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with autonomic upset was investigated and the correspondence was 
not worse for him than for the others. The mean difference of pCO2, 
hand minus arterial, was 1.6mm/Hg which agreed well with the value 
of 1.1mm/Hg of Brooks and Wynn4. The SD of each point about the 
mean was +4.2mm/Hg and was thus larger than had been expected 
from the range of their results. These few values suggest that with our 
techniques, the use of blood from the back of the hand is unlikely to 
give estimates of arterial pCO2 which are more accurate than those 
obtained from rebreathed gas samples. It is possible that the accuracy 
could be improved by taking especial care to keep the limb warm and 
to promote venous drainage by ensuring that it was entirely unencum- 
bered by indwelling needles or by any means of fixation to arm-boards 
or rests. However, precautions more detailed than ours would make 
the technique considerably less convenient in the operating theatre 
than the use of rebreathed gas samples. 


V_ End-tidal samples 


There is a considerable body of evidence that under general anesthesia 
and IPPR, the end-tidal CO2 tension is lower than the arterial by 
about 5mm/Hg in the normal subject! 1511, It is also well known that 
pulmonary emphysema causes a much greater discrepancy. However, 
it is relevant to provide some further evidence, particularly in relation- 
ship to the constancy of the difference in a number of estimates on one 
subject. 
METHOD 


Five other subjects were investigated. Three had heaithy lungs. Two 
had mild chronic bronchitis and emphysema. They were all under- 
going major surgery under general anesthesia and 1P PR was delivered 
by a respirator which was fitted with an automatic end-tidal sampler. 
The working of this had been carefully validated in laboratory investi- 
gations. The specimens of gas obtained were the sum of those drawn 
over many successive cycles. Rebreathed gas samples were also ob- 
tained for comparison. Since the two types of samples could not be 
obtained synchronously, the series of values for each was plotted 
against time and the precise value for one type which corresponded 
with a particular sample of the other was determined by interpolation. 
This method was justifiable since in these experiments great care was 
taken to maintain a constant minute volume, it being measured every 
five minutes and almost invariably being within +10 per cent of the 
mean (usually +5 per cent). 


RESULTS 
The results of thirty-one estimates in the five subjects are shown in 
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FIG. 5. The points obtained on any one subject are linked and the hol- 
lowcircles are used for the two patients with bronchitis and emphysema. 
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FIG. 5 The pCO> of end-tidal gas samples is plotted against synchronous values 
of the pCO» of rebreathed gas. @-@, points obtained in patients with healthy 
lungs. O-O, points obtained in patients with mild chronic bronchitis and emphy- 
sema, The line represents perfect correlation between end-tidal pCO, and the 
value, rebreathed gas pCO2 minus 6mm/Hg. 


The line represents perfect correlation between the inferred arterial 
pCO, (rebreathed value minus 6mm/Hg) and the measured end-tidal 
pCO>. All the points for all the patients lay well to the right of the line, 
signifying that the measured end-tidal tension was too small. The mean 
underestimates for the healthy subjects were 4.1, 5.0, 8.5mm/Hg which 
were in good agreement with the values of about Snm/Hg found by 
other workers. As expected, the mean underestimates for the two 
bronchitic patients were higher at 11.3 and 14.6mm/Hg. The variation 
for each patient about his own mean was quite small, the largest for 
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any of the thirty-one points being 4.6mm/Hg. For each particular sub- 
ject the SD of any one value about that subject’s mean was + 1.8mm/ 
Hg. This strongly suggested that the discrepancy between the inferred 
arterial pCO. and the end-tidal value was fairly constant for each of 
our patients throughout the duration of the operation (up to two 
hours). 


GENERAL DISCUSSION 


The utility of these different techniques depends largely on three factors; 
(1) the availability of the necessary specimen; (11) the equipment, skill 
and time for its measurement; (111) the value and likely error of the 
result. 

1 Blood from the ear is nearly always readily available, but can 
only be analysed satisfactorily by an expensive piece of equipment 
which requires moderate skill. However, it is a fairly rapid procedure. 
In the majority of patients the result will be of high accuracy. In the 
remainder it may be seriously in error, but always towards over- 
estimation. When the patient is in a state of autonomic upset, the size 
of the error cannot be forecast, but it may be as large as 12mm/Hg and 
possibly more. A similar error may occur in a few cases in whom there 
is no observable clinical abnormality. 

2 Blood from the back of the hand may occasionally be difficult or 
impossible to obtain. Its pCO2 can be measured by the expensive 
equipment used here or by the more conventional methods. The latter 
are slow and very inconvenient as emergency procedures. There are 
insufficient data to show whether the results are subject to occasional 
gross error, but in our limited investigation there was no evidence that 
this was so. 

3 Rebreathed gas samples are always obtainable. They may be 
analysed with good accuracy by an infra-red gas analyser, suitably 
calibrated, or by an indicator method if care is taken!2. It has also 
been shown recently that Campbell’s simplifications of the Haldane 
apparatus can be used quickly and accurately on mixtures containing 
anesthetic gases2. When high accuracy is not of the first importance, a 
simple colorimetric method can be satisfactory such as that using buf- 
fered bromthymol blue solution; and a set of visual standards!3. Both 
theory and experiment suggest that the accuracy of this method will 
not be seriously affected by the clinical state of the patient. The value 
of the pCO» of the sample, minus 6mm/Hg, is the estimated arterial 
CO> tension to within +4mm/Hg if care is taken. Even when less 
accurate techniques are used for the estimation of CO> it is unlikely 
that the error will be as large as it may be with the method using ear 
blood. 

4 End-tidal gas samples are only reliably obtainable from an auto- 
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matic sampler. The arguments of the previous paragraph apply equally 
to the technique of measurement of these samples. The value of the 
pCO, of the specimen, plus Smm/Hg, in a patient with very good 
respiratory function, may give as accurate an estimate of arterial CO» 
tension as the rebreathed gas sample. The technique has the dis- 
advantage that the correction of +5mm/Hg is quite empirical. The 
physiological mechanism of its causation is little understood. In con- 
trast, the correction applied to the rebreathed gas sample (—6mm/Hg) 
is based on well-authenticated physiological principles!7. In patients 
whose respiratory function is abnormal, the difference between the end- 
tidal and arterial pCO, may be more than 15mm/Hg and possibly 
much more. It is likely that this error is fairly constant for any one 
patient and that once it has been determined by some other technique, 
subsequent estimates may be correctable to give values of the same 
order of accuracy, or even better than the rebreathed gas technique. 
Thus it appears that the only method which is always available for 
reliable specimens which can be measured without special or expensive 
equipment and which is not susceptible of serious error is that of the 
rebreathed gas sample. The accuracy available by this method will 
always suffice for a clear decision as to whether or not a patient is 
seriously hyper- or hypocarbic. 

It should, however, be emphasised that these assessments are based 
on measurements made during the course of routine surgery and anes- 
thesia using the simplest techniques which seemed reasonable. It is 
possible that better accuracy would be obtainable if more elaborate 
routines were used. 

Finally, it is of interest to consider the extent to which these con- 
clusions are transposable to the indirect measurement of arterial pCO2 
in patients treated by 1PPR for respiratory failure, but who are not 
under general anesthesia. 

1 Blood from the ear. \f the respiratory failure has not resulted in 
vasodilatation, it may be necessary to try to increase blood flow through 
the ear by other methods. It is probable that the sample will be un- 
satisfactory in hypovolemic states as in the condition of autonomic 
upset discussed above and it is at least possible that the presence or 
absence of pain may be of importance. 

2 Blood from the back of the hand. Unless the patient is suffering 
from hypercarbia, it will probably be necessary to produce vaso- 
dilatation, as by local warming. 

3 Rebreathed gas samples would be expected to be as satisfactory 
as under general anesthesia. 

4 End-tidal gas. It is not known to what extent the end-tidal and 
arterial CO. tensions differ when the patient is on 1PPR, but not 
anesthetised. On the whole, it is likely that there will be a lack of 
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correspondence, but probably less than under anesthesia. It is, there- 
fore, reasonable to make the same assessment for this method in the 
conscious as in the anesthetised subject. 


SUMMARY AND CONCLUSIONS 


Experimental comparisons are reported of four methods of indirect 
estimation of arterial pCO2 under general anesthesia and IP PR. 

The use of specimens of capillary blood from the ear lobe gives high 
accuracy in most cases, but there may be gross errors in an important 
number. It is often, but not always, possible to detect these patients by 
clinical observation. 

Samples of arterialised blood drawn from veins on the back of the 
hand are less accurate in the majority, but may not be subject to these 
gross errors. 5 

The use of rebreathed gas samples gives estimates which have an 
error of the order of 3-4mm/Hg, but do not show gross discrepancies. 

Specimens of end-tidal gas do not give accurate estimates of arterial 
pCO> in the first instance, but it is likely that their error, although 
large, is fairly constant for a particular subject in particular circum- 
stances. 

The technique of the rebreathed gas sample is the method of choice 
for clinical purposes since it is simple and reliable and has an adequate 


degree of accuracy. 
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APPENDIX 


The loss of COz from samples of ear blood. 


It was surprising that the original measurements of the pCO2 of 
fifteen of the twenty-one ear-blood samples were lower than the corres- 
ponding estimates of arterial pCO2. (Mean difference for twenty-one 
points —0.46mm/Hg.) It seemed very unlikely that this was due to a 
genuine physiological difference in the blood in the body and various 
possible technical troubles were, therefore, investigated. No systematic 
errors were found in the technique of pH measurement. The liquid 
junction potential was constant. The generous heparinisation of the 
arterial sample did not result in changes of pH, nor did this alter in the 
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short time (two to three minutes) before measurement. But repeated 
experiments showed that a drop of blood rather larger than the average 
drop from the ear lobe, changed in pH by about 0.008 units/minute 
when standing exposed to the atmosphere ona perspex tile. This would 
be equivalent to a fall in pCO2 of about 0.4-0.5mm/Hg in thirty sec- 
onds. It was, therefore, concluded that the mean error of 0.46mm/Hg 
between arterial and ear blood was due to our particular method of 
drawing and handling the specimen and all ear blood estimates were, 
therefore, corrected by +0.5mm/Hg. 
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Lignocaine has been widely used for conduction and topical analgesia 
since 1948 and more recently for general analgesia! 2. Although arbi- 
trary limits have been set to safe clinical dosage, these have been 
determined mainly by animal experimentation. Little information is 
available about absolute toxic thresholds in man, or about rates of 
absorption from any of the common sites of administration. More- 
over, the successful use of lignocaine as a systemic analgesic has led to 
the suspicion that some of its apparent effectiveness in conduction 
analgesia may be explained by a general analgesic action after 
absorption into the blood stream. 

Theacute toxicity of lignocaine has been studied in man by Steinhaus 
and Howland}, and Kimmey and Steinhaus‘, using the drug intra- 
venously as an adjuvant to thiopentone and nitrous oxide anesthesia. 
However, blood concentrations of lignocaine were not estimated in 
these patients and so these series provided no information regarding 
thresholds of toxicity. 

Foldes and his colleagues examined the acute toxicity of lignocaine 
in conscious human volunteers and measured the concentration of 
lignocaine in the blood when objective signs of overdosage occurred 5. 
These workers used intravenous infusion rates of 0.5mg/kg body- 
weight per minute and they found that subjective signs of toxicity 
occurred after 1.5mg/kg body weight had been given. Objective signs 
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made it necessary to terminate the infusions after they had adminis- 
tered a total dose of 6.4mg/kg, when the concentration of lignocaine 
in the blood was 5.29-+-0.55 micrograms per ml. As will be seen later, 
this figureis about one-half of the value which we obtained for objective 
thresholds of toxicity in anesthetised subjects, but this difference is 
probably explicable by factors which will be considered in the 
discussion. 

The present investigation was undertaken to establish the pattern of 
absorption of lignocaine into the blood stream from various sites of 
administration and particularly the blood concentrations associated 
with toxic signs, as well as with general analgesic properties. The rise 
and fall of lignocaine in the blood were studied under conditions of 
clinical anesthesia, to see if consistent threshold concentrations could 
be established for objective signs of toxicity on the one hand and for 
the relief of post-operative pain on the other. This was done by measur- 
ing the concentration of lignocaine in the venous blood at intervals 
after administering the drug by one of four different routes; intra- 
venous, intramuscular and epidural injections and by endotracheal 
spray. A total of 898 estimations were carried out on blood samples 
from sixty-five patients. 


METHODS 


Venous blood was withdrawn into syringes wet with heparin and was kept 
under refrigeration until analysed for lignocaine content. The blood 
samples which were obtained from each individual patient were analysed 
as a batch, the patient’s own blood, withdrawn before lignocaine was 
administered, being used as the analysis blank. In pilot studies no loss of 
lignocaine could be demonstrated in heparinised, refrigerated blood which 
was stored for one week. Ten ml of blood were withdrawn for each estima- 
tion and the lignocaine hydrochloride content of duplicate samples of S5ml 
was determined. The method of estimation was the methyl orange tech- 
nique of Brodie and Udenfriend®, Axelrod, Aronow and Brodie’, as 
modified by Way, Sung and McKelway®. 

Five ml samples of blood were carefully measured into stoppered test- 
tubes of 50ml capacity and iml of N/10 NaOH, 10m! of ethylene dichloride 
and some Dow-Corning ‘Antifoam “A” ’ silicone spray was added. The 
whole batch was shaken mechanically for twenty minutes and then centri- 
fuged and the ethylene dichloride phases were placed into another series of 
stoppered test-tubes. These were shaken for five minutes following the 
addition of Sml of phosphate buffer at pH 6.22. The buffer was aspirated off 
and the process repeated. After centrifugation the ethylene dichloride was 
taken to other centrifuge tubes and dried by further spinning and transfer 
to another set of tubes. Care in removal of buffer at this stage is essential 
for the accuracy of the method. All glassware used in succeeding stages of 
the extraction process was pre-treated by soaking in saturated methyl 
orange reagent before washing and drying. Seven and one-half ml aliquots 
of the ethylene dichloride were taken and to these were added 0.25ml of 
iso-amy] alcohol and 1.0m! of a freshly prepared mixture of equal volumes 
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of saturated methyl orange solution (previously washed twice with ethylene 
dichloride) and saturated boric acid solution. The tubes were shaken for 
twenty minutes and then centrifuged for five minutes. The excess of methy! 
orange was carefully removed by aspiration and by transfer to other tubes. 
Five ml of the remaining ethylene dichloride was placed in cuvettes con- 
taining 1.0ml of a 2 per cent solution of sulphuric acid in absolute ethyl 
alcohol. The resultant optical density at 540 millimicrons was estimated 
with a Fisher electrophotometer. 

Known quantities of lignocaine hydrochloride were mixed with heparin- 
ised blood (fresh venous) and the absorbence at 540 millimicrons of the 
methyl orange complex jetermined as described. The regression line of the 
optical density plotted against the known concentrations was then cal- 
culated and this curve was used to determine the unknown concentrations. 
This curve was of the form y= mx (the blank values being subtracted), and 
had a standard error of +0.2 micrograms lignocaine hydrochloride per 
ml of blood. 


Intravenous lignocaine 


Seven patients were anesthetised with thiopentone, nitrous oxide and 
oxygen and general analgesia was provided by intravenous lignocaine 
in concentrations of 0.2-0.4 per cent. Dosage varied between 9.7-16.3 
mg/kg body weight. The drug was given rapidly and the rate of 
infusion varied between 9.3—-100mg per minute. 


Intramuscular lignocaine 


Two per cent lignocaine was given by deep intramuscular injection to 
fourteen patients under light thiopentone and nitrous oxide anzs- 
thesia, to provide systemic analgesia during and after surgical opera- 
tions2. Injection was made into a vastus lateralis muscle and if the 
quantity exceeded 20ml it was distributed equally between the two 
thighs. Blood samples were taken at intervals for periods of one-and- 
a-half to four hours thereafter. 


Epidural lignocaine 
Twenty-seven patients received epidural blocks with 2 per cent ligno- 
caine. The drug was given by a single injection, the dose range lying 
between 3.5-10.5mg/kg body weight. Blood samples were taken at 
intervals for periods of one to three hours after injection. Fifteen 
patients were given plain lignocaine in saline and in twelve patients 
adrenaline was added as a vasoconstrictor in concentrations between 
1/400,000-1 /200,000. 


Endotracheal lignocaine 


Four per cent lignocaine was used to provide topical tracheal and bron- 
chial analgesia, prior to intubation, in twelve patients under thiopen- 
tone anesthesia. The drug was sprayed on the larynx and through the 
open glottis, using a long-nozzled Macintosh spray. Doses varied be- 
tween 3.5-10.5mg/kg body weight and were administered in divided 
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amounts over periods of two to ten minutes. The upper dose range 
involved rather large quantities of analgesic solution (up to 13ml), and 
so some minutes were required to allow absorption of this fluid and to 
avoid causing respiratory obstruction. 


RESULTS 


Intravenous lignocaine 


Acute toxicity was manifested by a falling blood pressure and dimin- 
ished tidal volume. If infusion was continued in the face of these 
warning signs, twitching or frank convulsions rapidly developed. These 
obvious toxic effects were easily corrected by symptomatic treatment 
along accepted lines. 


INTRAVENOUS LIGNOCAINE - TOXIC EFFECTS 
40 
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FIG. 1 Concentrations of lignocaine in the venous blood after intravenous 
infusion. C=convulsion. At this point 100mg of thiopentone were given to abort 
the convulsion, followed by 10mg of methylamphetamine to raise the blood 
pressure. 


FiG. 1 shows a typical pattern of venous lignocaine concentrations 
following intravenous infusion. Note that when a second infusion is 
given to the patient in approximately the same quantity and at the same 
speed as the first, the pattern of disappearance is duplicated. The sec- 
ond peak level is higher than the first, owing to a residue of the drug 
remaining in the circulation from the first infusion. Note also that this 
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patient complained of post-operative pain in the presence of a relatively 
high blood concentration of lignocaine (4.13 micrograms/ml). 


Table 1 
Concentration of lignocaine in venous blood after intravenous infusion 

INITIAL BLOOD TOTAL DOSE MAXIMUM BLOOD CONCN. OF 

CONCN INFUSION INFUSION OF BLOOD LIGNOCAINE AT 
CASE AGE WEIGHT LIGNOCAINE RATE TIME LIGNOCAINE CONCN. OF TOXIC ONSET OF POST-OP. 
NO (¥RS)(KG) ({4G/ML) (MG/KG/ (MIN) (mG) LIGNO- SIGNS PAIN 

MIN) CAINE (G/ML) 
({4G/ML) 

0 0.14 100 940 3.1 No — 
> ae ae 0 0.2 50 700 6.0 No 2.7 
3 42 66 0 0.61 25 1,000 >9.0* Ye — 
4, 530 61 0 1.67 10 1,000 14.0 Yes — 
43 SO) 61 2.4 0.77 10 475 10.6 Yes — 
Sa 63 52 0 0.28 34.5 500 7.1 No — 
Sa 63 52 3.15 0.3 31 480 10.5 Yes 4.1 
3S 0 0.67 14.6 425 >9.2* Yes 7.5 
7 Ss 0 0.25 4 1,000 _ No — 


*Venous blood samples taken three to four minutes after convulsion 


TABLE | shows the main data obtained in seven cases. The minimum 
concentration at which toxic effects occurred would appear to be about 
10 micrograms/ml. Within the dosage range used, infusion speeds be- 


INTRAVENOUS LIGNOCAINE — 
BLOOD CONCENTRATIONS RELATED TO DOSE, 
RATE & DURATION OF INFUSION 


£ 
= Blood concentration at start 
=x = Blood concentration at completion 
é of infusion. 
at © = Blood concentrations associated 
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FIG. 2 Blood concentrations of lignocaine at completion of intravenous infusion, 
related to dose, rate, and duration of infusion. (Eight infusions in six patients.) 
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low 0.3mg/kg minute did not provoke toxic effects, unless there was a 
previous accumulation of lignocaine in the blood, as in cases 4 and 5. 
In three cases blood samples were taken when the patients first 
requested relief of their post-operative pain. In these patients the blood 
concentrations were 2.7, 4.1 and 7.5 micrograms/ml respectively, the 
last figure lying rather close to the toxic threshold of about 10 micro- 
grams/ml for this patient. F1G. 2 shows peak blood concentrations of 
lignocaine related to speed and duration of intravenous infusion. 


Intramuscular lignocaine 
The experimental data from fourteen patients are summarised in 


Table 2 


Concentration of lignocaine in venous blood after intramuscular injection 
MAXIMUM BLOOD CONCN 
OF LIGNOCAINE 

AGE 

(yrs) (KG) 

MG/KG {LG /ML 

13.0 


12.4 
13.7 


we 


800 
900 
640 
000 
800 
450 
500 
500 
590 
620 
200° 
800 
680 
300 


*200mg lignocaine sprayed into trachea 


INTRAMUSCULAR LIGNOCAINE 


(HAEMORRHOIDECTOMY) MALE 35 Years 


160 Pounds 


Bat COMFORTABLE - NO PAIN 


\ 


BLOOD LIGNOCAINE yg/ml 


220 LIGNOCAINE 


720 
MINUTES 


FIG. 3 Typical blood concentration curve after intramuscular injection of ligno- 
caine. Note peak concentration occurring about twenty minutes after injection. 
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TABLE 2. FIG. 3 shows a typical blood-concentration curve in one 
patient. In this case post-operative analgesia was most satisfactory and 
persisted throughout a four-hour period while the patient was under 
observation in the recovery ward. Blood concentrations rose quite 
steeply after injection, reaching their peak in fifteen to thirty-five 
minutes, and then gradually subsiding. 


INTRAMUSCULAR LIGNOCAINE: 


Peak Blood Levels Related to Dose in 
13 Patients 


MAXIMUM CONCENTRATION OF 
LIGNOCAINE IN THE BLOOD 
(ug/ml) 


i i i 


5 10 15 
DOSE OF LIGNOCAINE (mg/kg Body weight) 


FIG. 4 Intramuscular lignocaine in thirteen patients. Maximum 
blood concentrations related to dose. 


Fic. 4 shows the peak blood concentrations in thirteen patients 
plotted against the dose of lignocaine expressed in mg/kg body weight. 
From the mean drawn through the plots it can be seen that doses 
greater than 13mg/kg body weight are likely to produce blood con- 
centrations in excess of 10 micrograms/ml, an amount which was found 
to be associated with toxic manifestations in the intravenous series. 
None of the patients receiving intramuscular lignocaine showed ob- 
vious signs of toxicity. However, in case 21 the blood pressure fell from 
120/75 to 95/60 and this moderate degree of arterial hypotension could 
be attributed to lignocaine overdosage associated with the high peak 


blood concentration of 13.25 micrograms/ml. 
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Anesthesia and analgesia appeared to be enhanced during operation 
and only very small quantities of other agents were required. However, 
this observation is a subjective impression, and is unsupported by 
objective measurements. Post-operative pain relief has been claimed 
as an advantage of this technique by Dawkins and Steel, but it was 
not a constant feature of this small series. Post-operative anal- 
gesia was quite marked in some cases, but absent in others, and its 
presence did not appear to be well correlated with the concentration 
of lignocaine in the blood. (FIG. 8.) 


Epidural lignocaine 
TABLE 3 summarises the experimental data from fifteen patients re- 
ceiving plain lignocaine and twelve patients receiving lignocaine with 
adrenaline added as a vasoconstrictor. The blood concentration curves 


Table 3 


Concentration of lignocaine in venous blood after epidural injection 


MAXIMUM BLOOD CONCN MINIMUM BLOOD CONCN 
CASE AGE WEIGHT QU. OP LIGNOCAINE 
NO (yrs) (KG) RA TIME AFTER ASSOCIATED WITH POST- 


INJECTION OP ANALGESIA 
(G/ML) (G/ML) 


g 


Plain lignocaine (2%) 


Ren 


S88 


wa 


$2 
71 
27 
38 
54 
62 
37 
56 
41 
49 
54 
35 
69 
49 


PARMA 
LEN 


Lignocaine 2% + adrenaline (1/200 


64 
47.5 
90 
73 


wis 


3 0.7 
bd and poor liver Adrenaline concn only 1/400,000 in this case 


followed a similar pattern to those seen after intramuscular injection. 
Maximum concentrations occurred in the blood on the average eight- 
een minutes after injection of plain lignocaine (3D+-7.6 minutes) and 
twenty-three minutes after administration of lignocaine with adrena- 
line (sb+-8.3 minutes (FIG. 7)). The difference between the rates of 
absorption in the two groups is not statistically significant. 


q 
37 19 
38 63 j 
39 $2 
40 33 
41 54 9.5 
42 45.5 
43 53 57.5 
44 59 71.5 
45 72 59.0 
46 55 42.5 
47 38 65.0 
48 65| 
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EPIDURAL LIGNOCAINE: 
Peak Blood Levels Related to Dose in 27 Patients 


10 


X = Plain Lignocaine 


= Lignocaine 


+1200 000 Adrenaline 

zo 

: 

aw 

w 

o2s 
Va 4b x 

=v 


2 3 6 8 1 12 
DOSE OF LIGNOCAINE (mg/kg Body weight) 


F1G. 5 Maximum blood concentrations of lignocaine after epidural injection. 
Note the lower blood levels in cases where adrenaline was added to the epidural 
solution, except for one patient who had poor liver function and where the 
adrenaline concentration used was 1/400,000 instead of 1/200,000. 


Fic. 5 shows the peak concentrations of lignocaine in the blood 
plotted against dose. Significantly greater amounts of lignocaine were 
absorbed into the blood when adrenaline was omitted (P<0.01). The 
quality of sensory and motor blockade is more intense and prolonged 
when adrenaline is added to the epidural solution, suggesting that more 
drug can be taken up by nerve tissue when vascular absorption and 
dissipation are prevented by vasoconstriction in the area concerned. 
Thus, it appears that systemic absorption does not enhance segmental 
analgesia during epidural blockade (FIG. 8), although in the absence 
of a vasoconstrictor, high concentrations in the blood may lead to 
signs of overdosage, with a general clouding of consciousness. 
Prolonged infusions of dilute lignocaine solutions into the epidural 
space can lead to high concentrations in the blood stream. Under these 
circumstances the amount in the blood stream increases slowly and 
although cardiovascular depression is not a notable feature, drowsiness 
and confusion may appear. The patients may complain of hallucina- 
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Table 4 
Blood concentrations of lignocaine after prolonged epidural infusion 
PERIOD OF 
ADMIN. 
(HRS) 


26 
17 
26 


‘ 
tions and become disorientated and difficult to manage. TABLE 4 
shows the blood concentrations found in three patients after prolonged 
administration of lignocaine into the epidural space. Data and blood 
samples from cases B and C were kindly provided by Dr Ian Purkis of 
the Victoria General Hospital, Halifax, Nova Scotia. 


Endotracheal lignocaine 


The speed of absorption of 4 per cent lignocaine varied widely, with 
peak blood concentrations occurring any time from within five minu- 


Table $ 
Concentration of lignocaine in venous blood after endotracheal spray of 4% lignocaine 


PUP AG PVPS 


tes up to twenty-five minutes after administration. TABLE 5 and FIG. 6 
show the relation between the dose of endotracheal lignocaine and the 
peak concentrations in the blood. No toxic signs were seen in any of 
the twelve patients studied, although in one case the maximum blood 
concentration did rise to 10 micrograms/ml. Statistically there is one 
chance in twenty that the concentration of lignocaine in the blood will 
rise to 10 micrograms/ml when 6mg/kg are given, therefore, dosage 
should be kept below this amount. 
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PATIENT AOS Toxic 
LB. EFFECTS 
ESTIMATIONS) 
A 6 125 Cheat injury 0.8 3,600 8.2ug/ml Confused ; 
B 56 «(114 Fracturedfemur 0.8 3,100 7: ‘ml 
c 19 133 Crushed leg 0.8 3,400 
+ 
unknown 
amount 
during ; 
preceding i 
3days ‘ 
i 
4 
4 
: 4% LIGNOCAINE MAXIMUM BLOOD CONCN OF # 
DOSE/WT LIGNOCAINE 
QUANTITY RATIO CONCN TIME AFTER INJECTION 
(mG) (MG/KG) ML) (mMINs) 
280 1.65 9 
520 1 6.2 25 
280 24 22 7, 
360 10.0 20 j y 
400 1.5 5 
400 31 7 
320 0.7 10 
540 6.0 10 
400 2.25 10 7 
$00 $.25 10 
400 3.0 23 
360 3.75 5 
4 24 
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ENDOTRACHEAL LIGNOCAINE: 
Peak Blood Levels Related to Dose in 12 Patients 


fo} 


MAXIMUM CONCENTRATION OF 
LIGNOCAINE IN THE BLOOD 


DOSE OF LIGNOCAINE (mg/kg Body weight) 


FIG. 6 Maximum blood concentrations of lignocaine after endotracheal 
administration of 4 per cent lignocaine spray. 


DISCUSSION 


Toxicity 
Much of our information about the acute toxicity of lignocaine has 
arisen from attempts to use the drug as a general analgesic agent in 
clinical anesthesia. Gilbert et a/. gave up to 1150mg of 0.5 per cent 
lignocaine in two and one-half hours for the relief of pain in carcino- 
matosis and in labour, without ill-effect®. De Clive Lowe, Gray and 
North! gave lignocaine intravenously to a large series of surgical 
patients as an adjuvant to thiopentone, nitrous oxide and suxa- 
methonium anesthesia, the dosage being set at a rate of about 450mg/ 
hour, regardless of the age or weight of the patient. 

The work of these two groups showed that quite large doses of ligno- 
caine could be given intravenously, provided that the rate of infusion 
was kept within bounds. However, the limits of safety were rather ill- 
defined in these series, since they did not include information on toler- 
ance in terms of dose-weight ratios, or of the concentrations of 
lignocaine in the blood. 
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Steinhaus and Howland developed the work further by relating the 
dose and speed of administration of lignocaine to the body weight}. 
They gave lignocaine intravenously at the rate of 0.4mg/kg per minute 
for five minutes during induction of anesthesia, followed ty further 
increments of lignocaine up to about 575mg over a period of ninety 
minutes. Kimmey and Steinhaus carried out a similar dosage pro- 
gramme, with slight modifications+. These workers did not measure 
the concentrations of lignocaine in the blood, but if one compares their 
dosage with the results shown in TABLE 1, it is probable that their 
patients had blood concentrations in excess of 6 micrograms of the 
drug per ml. 

Foldes and his colleagues carried out quantitative studies of toxicity 
on conscious volunteers, using infusion rates of 0.5mg/kg of lignocaine 
per minute. At this speed of administration they found that subjective 
symptoms began after three minutes, and objective signs of overdosage 
made it necessary to terminate the experiments after about thirteen 
minutes, when an average dose of 6.4mg/kg had been given. At this 
point the concentration of lignocaine in the blood was 5.3 micrograms/ 
ml, a figure which agrees with our data outlined in FIG. 2. 

The appearance of toxic symptoms from any local anesthetic is the 
resultant of two main factors, the absolute toxicity of the drug and its 
concentration in the blood stream and tissue fluids. The latter in turn 
depends on the speed with which the drug is introduced into the circu- 
lation, the size of the patient and the rate of elimination of the drug. 
From our small series of intravenous administrations it appears that, 
provided liver function is normal, subjects under thiopentone anzs- 
thesia tolerate infusion rates of up to 0.3mg/kg of lignocaine body 
weight per minute for thirty minutes, but thereafter the rate would have 
to be reduced. Within these limits of administration, the concentration 
in the blood did not rise above 6-7 micrograms/ml. However, beyond 
these limits blood concentrations did reach toxic levels, which appeared 
to be in the region of 10 micrograms/ml. Inspection of FIGs. 1 and 2 
reveals the additive effects which arise if lignocaine accumulates in the 
system from a previous administration. The same effect may be expec- 
ted if the liver is damaged and normal distribution of the drug is 
impaired! °, 

F1G. 4 shows that absorption of lignocaine from the vastus lateralis 
muscle tends to follow a regular pattern in relation to dosage. Massey 
Dawkins and Steel used intramuscular lignocaine to provide a depot 
from which absorption could take place gradually, causing more pro- 
longed analgesia than could be obtained by the intravenous route2. 
They recommended a dosage of about 11.8mg/kg. If we translate this 
amount to our data in FIG. 4, it can be seen that maximum blood con- 
centrations of about 7-8 micrograms/ml can be expected to follow 
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such a dosage. Under thiopentone anesthesia this amount appears to 
be well tolerated in normal subjects. In our series, case 21 was the only 
patient who showed any evidence of toxic signs following the intra- 
muscular administration of lignocaine. In this patient a dose of 
15.1mg/kg gave rise to a maximum venous lignocaine concentration of 
13.25 micrograms/ml and this was accompanied by a moderate fall of 
blood pressure from 125/75 to 95/60. Now a concentration of 13.25 
micrograms/ml attained by intravenous administration would be ex- 
pected to produce more pronounced toxic effects than just a moderate 
fall in blood pressure and this might suggest that a given blood con- 
centration produces less severe toxic effects if achieved slowly, by 
gradual absorption from a muscular depot, than if it is attained rapidly 
by direct intravenous administration. 

Nevertheless, although the intramuscular route appears safer than 
the intravenous in this respect, it should be pointed out that the margin 
of safety is not wide, since the relationship between dose and uptake 
appears to be curvilinear and an increase of dose is accompanied by a 
disproportionately large increase in blood stream absorption. In addi- 
tion, if toxic effects do follow an intramuscular injection there is no 
way of halting further uptake of the drug. 

After epidural administration the absorption of lignocaine followed 
an expected pattern. It has long been known that drugs pass from the 
epidural space into the blood stream very rapidly and that absorption 
is delayed by vasoconstrictor drugs. Plain lignocaine is quickly removed 
by the blood stream and this is reflected by the relatively brief duration 
of epidural blockade which results. Addition of adrenaline reduces the 
rate of absorption of lignocaine (FIG. 7) and this causes a correspond- 
ing prolongation of sensory blockade!!. From FIG. Sit is apparent that 
excessive amounts of lignocaine are not likely to reach the blood stream 
at any one time if epidural dosage is kept below 7-8mg/kg for plain 
lignocaine, and below 10-1 1mg/kg when 1 :200,000 adrenaline is added 
to slow absorption. 

However, signs of toxicity appeared in one of our patients who re- 
ceived an epidural block with lignocaine and adrenaline (dose 8.3mg/ 
kg). These toxic signs were accompanied by much higher blood levels 
than we expected for an epidural injection and sensory blockade failed 
to develop. During the insertion of the epidural catheter, a bloody 
effluent had appeared in the lumen, indicating the probable accidental 
cannulation of an epidural vein. Blood samples were taken at intervals 
in this case and it was found that the concentration of lignocaine in the 
blood rose rapidly. The blood pressure also rose steeply due to the 
adrenaline in the solution, as if the injection had been made into a 
vein. This type of accident was described by Youngman !2. 

TABLE 4 shows that undesirably high concentrations of lignocaine 
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TIME FROM ADMINISTRATION TO PEAK 
BLOOD LEVELS OF LIGNOCAINE 


No. OF 
CASES 


5 
INTRAMUSCULAR — PLAIN 


EPIDURAL — PLAIN 


Vz 


EPIDURAL + ADRENALINE 


ENDOTRACHEAL 


i A. i i i j 


Oo 10 20 30 40 50 60 
MINUTES 


FIG. 7 Summary of time intervals between administration and peak blood 
concentrations of lignocaine. 


may accumulate in the blood and give rise to toxic effects on prolonged 
administration by the epidural route. This possibility should be con- 
sidered when epidural or caudal blockade is used to provide analgesia 
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during protracted and difficult labours, for it is possible that passage 
across the placenta may give rise to high concentrations of lignocaine 


Table 6 


Concentration of lignocaine in fetal blood after delivery under epidural analgesia 
DOSE OF 2°% PLAIN CONCN OF LIGNO- LIGNOCAINE CONCN 
INOCAINE 


WEIGHT 
PATIENT AGE (LB) 20 MINS BEFORE 
DELIVERY 


27 146 380 
23 130 390 


D 
E 
in the foetus as well as in the mother (TABLE 6). Further work needs to 
be done on this question of placental transfer. 

The rate of absorption of lignocaine from the trachea was not very 
predictable in our series, although none of these patients exhibited any 
toxic signs. Adriani has asserted that local anesthetic drugs are absor- 
bed very rapidly through the alveoli and that the resulting blood con- 
centrations rise almost as fast as by intravenous injection!3. Some of 
our cases showed this tendency, with peak blood concentrations occur- 
ring within five to seven minutes of administration, but in the majority 
absorption was slower, and in some cases the peak was not reached for 
thirty to sixty minutes. This lack of uniformity suggests that local 
anesthetics are absorbed at different rates from different sites in the 
air passages. The fast route is probably by alveolar absorption, as 
Adriani suggests, while the slow route is probably by absorption prox- 
imal to the alveoli, through bronchial and bronchiolar mucosa. Entry 
into the blood stream will be further delayed by solution of the anal- 
gesic drug in any mucous secretions lining the walls of the air passages. 
The quantity of drug taken up by the two routes will depend on a 
number of variables, among which will be droplet size, depth of res- 
piration and the amount of bronchial mucus present. From the results 
shown in FIG. 6 it appears that as much as 6mg/kg of 4 per cent ligno- 
cainecan be sprayed into the trachea without dangerous concentrations 
appearing in the blood. This would amount to a total quantity of 
10ml of 4 per cent solution in a 70kg (11 stone) man. 


Analgesia 


The central sedative and analgesic effects of lignocaine were apparent 
soon after the drug became available for clinical use and this was 
recognised as an important advantage by anesthetists who were in the 
habit of using regional analgesia extensively!*. In addition, it was 
noticed that after systemic absorption of lignocaine, laryngeal reflexes 
became obtunded, and endotracheal tubes were well tolerated under 
light anesthesia. As a result of these systemic effects lignocaine came 
to be used (as procaine had been before it), to produce general 
analgesia by intravenous or intramuscular injection. 
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Several authors claimed that intravenous infusions of lignocaine 
provided good analgesia both while the infusion was running and for 
several hours afterwards as well!5 9 | 16, However, Philips et a/.17, 
found that although some analgesia was produced during the infusion, 
none was apparent in the post-operative period after the infusion was 
stopped. 

Post-operative analgesia is notoriously difficult to measure and in 
1955 one of us devised a spirometric method for the quantitative com- 
parison of analgesics in terms of ventilatory performance after abdo- 
minal operations!’, Using this method, intravenous lignocaine was 
tested against pethidine and amidone. Infusions of 400-S00mg of 
lignocaine were administered at rates of 10-20mg per minute, until the 
patients became confused or sleepy. No significant differences were 
found between the analgesia and increased ventilatory performance 

produced by either lignocaine, or pethidine or methadone (Amidone). 
_ Inthe present investigation, measurements of lignocaine in the blood 
during the post-operative period have failed to show any clear-cut 
relationship between subjective analgesia and the amount of circulating 
lignocaine. The blood of twelve patients who had received intravenous 
or intramuscular lignocaine was examined after operation and of these 
only eight had effective analgesia. From FIG. 8, it can be seen that 


BLOOD LIGNOCAINE AND POSTOPERATIVE ANALGESIA 


Blood Levels of Lignocaine Associated with Analgesia within 
1] Hour of Operation 


anarcesia  [_]=NO ANALGESIA 


INTRAMUSCULAR 
INTRAVENOUS 


EPIDURAL 
- LIGNOCAINE+ ADRENALINE 


BLOOD LIGNOCAINE yg / mi 


NUMBER OF CASES 


FIG. 8 Relationship between post-operative analgesia and concentration of 
lignocaine in the venous blood. 
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while analgesia existed at a concentration as low as 1.4 micrograms/ml 
in one case, a level as high as 7.5 micrograms/ml did not afford pain 
relief in another. However, it appears that there is a good chance of 
obtaining analgesia if the blood concentration of lignocaine reaches 
5 micrograms/ml; that is, about half the concentration required to pro- 
duce toxic manifestations. It is debatable whether this margin of safety 
is sufficient for widespread clinical application. F1G. 8 also shows that 
epidural injections of plain lignocaine may give rise to blood concen- 
trations which could provide some degree of central analgesia, in addi- 
tion to the analgesia arising from segmental neuronal blockade. This 
confirms the clinical impression of most anesthetists, that central seda- 
tion commonly follows regional analgesic techniques which involve 
injecting lignocaine into vascular areas. 

There is a widely held impression also that systemic absorption of 
lignocaine obtunds laryngeal reflexes, allowing endotracheal and endo- 
bronchial tubes to be unusually well tolerated under light anesthesia. 
The present series endorses this impression and although we did not 
attempt to assess any quantitative relationship between the activity of 
the tracheobronchial reflexes and the concentration of lignocaine in the 
blood, nevertheless manipulation of the endotracheal tubes appeared 
to be particularly well tolerated at times when relatively large amounts 
of lignocaine had been absorbed into the circulation. In this regard, it 
may be noted that after endotracheal spraying with the 4 per cent 
solution, several patients had blood lignocaine concentrations in excess 
of 5.0 micrograms/ml and this is a level at which general analgesic 
effects could have contributed to the depression of airway reflexes over 
and above the topical analgesic effects for which the drug was given. 

The origin of the general analgesia produced by circulating ligno- 
caine (and other local anesthetics) is still undetermined, for the site of 
action may be partly peripheral on sensory nerve endings, as well as on 
central nervous structures. Analysis of these twc aspects of analgesic 
activity is likely to have some practical importance, since the ideal 
systemic analgesic agent would be one which interrupted painful 
stimuli peripherally, without the need for general depression of the 
central nervous and cardio-vascular systems. 


SUMMARY 


Sixty patients divided into four groups were given lignocaine by either 
intravenous infusion, intramuscular injection, epidural injection or by 
endotracheal spray. Ineach patient serial venous samples were analysed 
for lignocaine content in order to study the pattern of absorption and 
elimination of the drug from the circulation. Blood samples were also 
analysed from three patients undergoing prolonged epidural blockade 
and from two during delivery under epidural analgesia. 
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Particular attention was paid to the different blood concentrations 
associated with signs of toxicity and with general analgesia. A concen- 
tration of about 5 micrograms of lignocaine per ml of blood appeared 
to confer some general analgesia, but concentrations of twice this 
amount caused obvious signs of toxicity. 

Data from the study of blood-concentration curves have been used 
as a guide to safe clinical dosage of lignocaine. 
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Gangrene following the use of promazine 


W. W. DEACON, MB, BCh, (WWRAND) DA, RCPS Ireland 


Anesthetic Registrar to High Wycombe and District Hospitals 


Promazine hydrochloride has been used alone! or in combination with 
pethidine? during the induction of regional anesthesia or as a supple- 
ment to regional anesthesia, making the patient drowsy, but co- 
operative and allowing him to fall into a light sleep during the opera- 
tion. Certain vascular complications may follow the use of promazine 
hydrochloride intravenously, such as thrombophlebitis or arterial 
thrombosis leading to gangrene. Opinsky ef a/.3 who first described 
two cases of arterial thrombosis with gangrene after the use of proma- 
zine hydrochloride feel that the arterial spasm and thrombosis might 
well be caused by infiltration of promazine hydrochloride into the soft 
tissues or reflexly through vein irritation after intravenous injection. 
Root and Hamelberg* commenting on the above report, conclude that 
the drug had been injected directly into the artery. A further case of 
gangrene after the use of promazine hydrochloride has been reported 
(J. H. Shell et a/.5). In these three cases the patients complained bitterly 
of severe pain as soon as the injection was begun. All developed 
various degrees of gangrene of the affected extremity in spite of treat- 
ment. Gangrene has occurred after the use of other phenothiazine 
derivatives 9. 


CASE REPORT 


Mr B. aged forty-eight years admitted to hospital complaining of a 
‘running nose’ for years. He was found to have some maxillary sinus 
infection and deviation of his nasal septum. Apart from an attack of 
pleurisy five years ago he had been healthy all his life. Pre-operative 
examination revealed no physical abnormality. It was decided to 
perform a submucous resection under local analgesia. 


Premedication 


Phenobarbitone 120mg was given intramuscularly one and a half hours 
pre-operatively and papaveretum 20mg and scopolamine 0.4mg 
subcutaneously one hour pre-operatively. 
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Particular attention was paid to the different blood concentrations 
associated with signs of toxicity and with general analgesia. A concen- 
tration of about 5 micrograms of lignocaine per ml of blood appeared 
to confer some general analgesia, but concentrations of twice this 
amount caused obvious signs of toxicity. 

Data from the study of blood-concentration curves have been used 
as a guide to safe clinical dosage of lignocaine. 


Acknowledgements 


Our thanks are due to Astra Pharmaceutical Products, Inc, Worcester, Mass, 
for a grant which made this work possible, and to Dr Aldo Truant, Director of 
Research at Astra (USA), for his generous advice in laboratory methods and for 
supplying quantities of lignocaine base. Dr R. T. Pettigrew and Dr J. E. Wynands 
were responsible for administering the anesthetics to several patients in this 
series. 


References 


IDECLIVELOWE,S. G., SPENCER GRAY, P, W. and NORTH, J. (1954). Anesthesia, 
9, 96. 
2D AWKINS, C. J. MASSEY and STEEL, G. C. (1957). Anesthesia, 12, 426. 
3STEINHAUS, J. E. and HOWLAND, D. E. (1958). Anesth. & Analg., 37, 40. 
4KIMMEY, J. R. and STEINHAUS, J. E. (1959). Acta Anesth. Scand., 3,9. 
SFOLDES, F. F., MALLOY, R., MCNALL, P.G. and KOUKAL, L. R. (1960). J.4.M.A., 
172, 1493. 
®BRODIE, B. B. and UDENFRIEND, S. J. (1945). J. Biol. Chem., 158, 705. 
7TAXELROD, J., ARONOW, L. and BRODIE, B. B. (1952). J. Pharm. & Exp. 
Therap., 106, 166. 
SWAY, E. L., SUNG, C. Y. and MCKELWAY, w. P. (1949). J. Pharm. & Exp. 
Therap., 97, 222. 
9GILBERT, C. R. A., HARRISON, I. R., BROWN, A. B, and HINGSON, R. A. (1951). 
Anesth. & Analg., 30, 301. 
10SUNG, C. Y. and TRUANT, A. P. (1954). J. Pharmacol., 112, 432. 
11BROMAGE, P. R. and PETTIGREW, R. T. To be published. 
12YOUNGMAN, H. R. (1956). Anesthesiology, 17, 632. 
13ADRIANI, J. and CAMPBELL, D. (1956). J.A.M.A., 162, 1527. 
14WILSON, H. B, and GORDON, H. E. (1952). Amesthesia, 7, 157. 
ISNILSSON, E. (1949). Nord. Med., 42, 1605. 
16DE CLIVE LOWE, S. G., DESMOND, J. and NORTH, J. (1958). Anesthesia, 13, 138. 
17PHILLIPS, O. C., LYONS, W. B., HARRIS, L. C., NELSON, A. T., GRAFF, T. D. and 
FRAZIER, T. M. (1960). Anesth. & Analg., 39, 317. 
18BROMAGE, P. R. (1955). Brit. med. J., ii, 589. 


q 
4 


VOL 16 No 4 ANASTHESIA OCTOBER 1961 


Gangrene following the use of promazine 


W. W. DEACON, MB, BCh, (WWRAND) DA, RCPS Ireland 


Anzsthetic Registrar to High Wycombe and Disirict Hospitals 


Promazine hydrochloride has been used alone! or in combination with 
pethidine? during the induction of regional anesthesia or as a supple- 
ment to regional anesthesia, making the patient drowsy, but co- 
operative and allowing him to fall into a light sleep during the opera- 
tion. Certain vascular complications may follow the use of promazine 
hydrochloride intravenously, such as thrombophlebitis or arterial 
thrombosis leading to gangrene. Opinsky et a/.3 who first described 
two cases of arterial thrombosis with gangrene after the use of proma- 
zine hydrochloride feel that the arterial spasm and thrombosis might 
well be caused by infiltration of promazine hydrochloride into the soft 
tissues or reflexly through vein irritation after intravenous injection. 
Root and Hamelberg* commenting on the above report, conclude that 
the drug had been injected directly into the artery. A further case of 
gangrene after the use of promazine hydrochloride has been reported 
(J. H. Shell et a/.5). In these three cases the patients complained bitterly 
of severe pain as soon as the injection was begun. All developed 
various degrees of gangrene of the affected extremity in spite of treat- 
ment. Gangrene has occurred after the use of other phenothiazine 
derivatives. 


CASE REPORT 


Mr B. aged forty-eight years admitted to hospital complaining of a 
‘running nose’ for years. He was found to have some maxillary sinus 
infection and deviation of his nasal septum. Apart from an attack of 
pleurisy five years ago he had been healthy all his life. Pre-operative 
examination revealed no physical abnormality. It was decided to 
perform a submucous resection under local analgesia. 


Premedication 


Phenobarbitone 120mg was given intramuscularly one and a half hours 
pre-operatively and papaveretum 20mg and scopolamine 0.4mg 
subcutaneously one hour pre-operatively. 
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Anesthesia and operation 


Cocaine was applied topically to the nasal mucous membrane‘. A large 
rhinolith was found in the right inferior meatus causing pressure 
atrophy of the inferior turbinate and lateral wall of the nose. Because 
of this, it was decided to perform a Caldwell-Luc operation. A maxillary 
nerve block was done’. The patient became restless while the Caldwell- 
Luc operation was being performed, but did not complain of any pain. 
The restlessness was interfering with the operation so 25mg undiluted 
promazine hydrochloride was injected at the left antecubital fossa into 
the median cubital vein. The patient complained of no pain at the time 
of injection and soon went to sleep. The Caldwell-Luc operation was 
completed and the large rhinolith and a few small polypi removed 
from the antrum. On moving the patient from the operating table it 
was noticed that there was a bluish discoloration of the left forearm 
and hand. On closer inspection it appeared that the vessels in the skin 
over the index finger and thumb and the medial side of the forearm 
were in extreme vasospasm. Neither the radial nor the ulnar pulses 
could be felt. It was decided that the promazine hydrochloride had 
been injected either intra-arterially or peri-arterially. A brachial plexus 
block with 10ml 1 per cent lignocaine hydrochloride was done and 
10ml 1 per cent procaine hydrochloride was injected into the tissues at 
the site of the promazine hydrochloride injection. A surgeon was asked 
to see the patient and it was decided to leave him and observe what 
effect the brachial plexus block would have. During the next three 
hours the ulnar artery became palpable, but there was no improvement 
in the blood supply to the affected areas. The brachial artery was 
explored, at its bifurcation, under general anesthesia (thiopentone, 
nitrous oxide-oxygen and halothane). The radial artery was about one- 
third the size of the ulnar artery and neither vessel was in spasm. The 
vessels were bathed in a solution of 1 :200 papaverine with no improve- 
ment. The skin was closed with interrupted sutures and the patient 
returned to the ward. 


Progress 


Tolazoline 50mg was given orally three times a day. Stellate ganglion 
blocks were performed with 10ml 1 per cent lignocaine hydrochloride 
four hourly forthree days. These resulted in improvement of circulation 
and almost immediate relief of pain. Anticoagulants were unfortunately 
withheld as it was felt at the time that there may have been excessive 
bleeding following the Caldwell-Luc operation. The patient’s hand 
was swollen the day after operation and this swelling persisted for 
about a week. By the third day the blood supply to the index finger 
was much improved and did not cause any further concern. The thumb 
remained blue and cold, but sensation was present in all parts except 
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for the most distal part. On the fourteenth post-operative day a line of 
demarcation appeared at the tip of the thumb, but separation of the 
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FIG. 1 Skin changes on fifteenth post-operative day 


dead tissue did not occur for another month. Movements of the hand 
were encouraged as soon as the swelling had subsided and wax baths 
were started on the fifteenth day. The patient was discharged from 
hospital a month after the operation, and a month later was transferred 
to a plastic unit where his thumb is now being reconstructed. 


DISCUSSION 
Promazine hydrochloride is one of the least irritating of the pheno- 
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thiazine group of drugs, but, even so, arterial spasm and gangrene have 
followed inadvertent intra-arterial or peri-arterial injection. To avoid 
this complication the manufacturers now recommend that the solution 
for injection is diluted with an equal volume of saline. 

A difference between the case reported here and those previously 
reported was that this patient did not complain of any pain following 
the injection, but this may have been due to the premedication which 
he received. 

Anticoagulant therapy, as advocated by Kinmonth and Shepherd’, 
was unfortunately withheld because of the danger of hemorrhage from 
the operation site. 


SUMMARY 


A case of gangrene following the injection of undiluted promazine 
hydrochloride is reported. 
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Intramuscular trimeprazine tartrate 


A clinical trial of its use as a pre-operative drug 
J. L. SIMCOCK, mB, chB, DA 


Anesthetist 
Opotiki Hospital, New Zealand 


Although the use of phenothiazine derivatives in pre-operative sedation 
has been extensively investigated, a pharmacological study of tri- 
meprazine (vallergan)! suggested that this drug might be as effective 
as its predecessors in producing adequate tranquillity while having a 
lower incidence of undesirable side effects. These side effects, while not 
common to all drugs investigated, include variability in effects from 
patient to patient; significant depression of blood pressure and respira- 
tion; pain at the site of injection; delayed recovery of consciousness 
after anesthesia and the production of a prolonged stuporose 
condition post-operatively. 

The clinical use of trimeprazine pre-operatively has been the subject 
of reports by several observers, during the past two years? 3 4 5 6 and, 
although these investigations have in all cases been confined to the 
oral use of the drug and to children, results obtained suggest that tri- 
meprazine is a satisfactory and useful premedicating agent. In view of 
these conclusions, and as a similar opinion had been formed after using 
trimeprazine in the same manner personally in over two hundred cases, 
it was decided to conduct a clinical trial of the intramuscular use of 
the drug and to extend the scope of the investigation to include adults. 


METHOD 


In the present study trimeprazine tartrate was given as a pre-anesthetic 
drug to 380 patients of whom 236 were over the age of twelve years 
and 144 up to and including that age. The cases were unselected and 
the associated surgery while for the most part general, included ear, 
nose and throat; dental; obstetrical; orthopedic and minor surgical 
procedures. 

Trimeprazine as a | per cent solution was given into the antero- 
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superior quadrant of the buttock in the dose of Smg per stone for 
children up to and including the age of twelve years and of 4mg per 
stone to patients over that age. 

When patients were suffering pain prior to operation it was necessary 
to add pethidine in a dose of 10mg per stone. When an antisialogogue 
was required hyoscine was givenin a dose of 1/1500 grain per stone 
(0.04mg) for adults and 1/1200 grain per stone (0.05mg) for children. 
Premedication was ordered to be given ninety minutes before the 
estimated time of induction. 

Patients were assessed immediately prior to induction of anesthesia 
as to whether they were ‘stuporose’, ‘asleep’, ‘dozing’, ‘drowsy’, ‘alert’ 
or ‘apprehensive’ and observed for any abnormality in pulse, blood 
pressure or respiration. The amount of co-operation was determined 
by the attitude adopted to, and behaviour during induction with nitrous 
oxide and oxygen. A standard Boyle Machine with a ‘Fluotec’ attach- 
ment was used for all cases. The occurrence and degree of an excite- 
ment stage during induction was also noted as a further indication of 
the degree of sedation obtained. 

The immediate post-operative condition of all patients was closely 
watched until return of consciousness. Further recovery which took 
place in the wards, was observed as far as was practicable. 

The dose was ordered, the assessments made, and the anesthetics 
administered in all cases by the author. 


RESULTS 


After injection most patients went to sleep in the ward dependent on 
the relative amount of noise or other disturbing factors present. They 
were often awakened when transferred to the theatre trolley, but readily 
fell asleep if left in the anesthetic room for a few minutes. Adults were 
wakened if necessary for induction, as were most of the children. A 
high proportion of patients, as shown in TABLE 1, had been either 
drowsy or dozing prior to their arrival at the anesthetic room. 


Table 1 
Assessment of sedation before induction 


Induction in patients of twelve years of age and over necessitated a 
considerable amount of co-operation. Patients were required to hold 
the face-mask in position while they inhaled oxygen for two or three 


| 
NUMBER PER CENT 

Stuporose 0 0.0 
Asleep 80 21.1 

Dozing 168 44.2 
Drowsy 86 22.6 

Alert 46 12.1 

Apprehensive 0 0.0 
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minutes and continued to hold the mask, when, at this stage, nitrous 
oxide was substituted for oxygen. About a minute after the change- 
over (when loss of consciousness took place), the anesthetist took over 
control of the face-mask and added halothane to the gas fiow until the 
required depth of anesthesia was obtained. Of the 236 adult patients 
in the series, 232 accepted this procedure without demur, and four 
required only some little explanation and persuasion. These results 
indicate that all adult patients were sufficiently sedated to be tractable, 
but alert enough to co-operate actively and efficiently. 

In children under twelve years of age the method of induction was 
by means of a perspex dome which was placed over the patient’s head. 
Nitrous oxide was introduced at the top of dome and a free outflow 
was allowed at the base. After one or two minutes the dome was 
removed, the face-mask applied and nitrous oxide 80 per cent and oxy- 
gen 20 per cent administered at an adequate flow rate. Halothane was 
then added as required. Of the 144 children in the series, thirteen either 
attempted to push the dome away or objected to the application of the 
face-mask. In eleven of these the resistance was momentary and slight, 
but in two it was considerably more pronounced. The incidence in 
these two cases was attributed to the fact that less than thirty minutes 
had elapsed since the injection of trimeprazine. Although no active co- 
operation was required in this method of induction, the procedure is of 
such a nature as to require a considerable measure of tranquillity and 
amenability. That this was present to a satisfactory extent is shown by 
the very low incidence of significant resistance. 

TABLE 2 includes adults and children, and shows that of the 380 
cases, fifteen objected mildly to a gas induction and two more 
vigorously. All objectors were readily amenable to persuasion. 


As the presence or absence of an excitement stage during induction is 
dependent on many variable and unpredictable factors, it is debatable 
as to what extent its incidence is related to pre-operative sedation. The 
results obtained are presented for interest, together with the comment 
that, for an inhalational method of induction, the occurrence of an 
excitement stage in this series would appear to be relatively infrequent. 

Fifty-four patients exhibited an excitement stage, which, in thirty- 
nine, consisted of slight involuntary movements requiring no restraint. 


‘ 
Table 2 5 
Amount of resistance to induction B. 
NUMBER PER CENT 
None 363 95.5 
Slight 15 4.0 
Moderate 2 0.5 a 
Considerable 0 0.0 i 
‘3 
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A further seven patients needed some slight restraint, and in the re- 
maining eight cases somewhat more restraint was required. TABLE 3 
illustrates these results. 


Table 3 


Extent of excitement stage during induction 
NUMBER PER CENT 

326 85.7 

1.9 


39 10 
7 
2 


In the series of 380 cases, pain at the site of injection was complained 
of by three patients and this persisted for forty-eight hours. No other 
complaints of local pain were elicited. No case arrived at the operating 
theatre with any clinical evidence of lowered blood pressure, depressed 
respiration or cardiac arrhythmia. The degree of somnolence present 
was found to be as shown in TABLE 1. No patients were comatose and 
none were apprehensive. As a group, children were slightly more som- 
nolent than adults prior to induction, and while the proportion of 
children who resisted gas induction was double that of adults, the ratio 
was reversed in the incidence of an excitement stage. 

During the trial no change in the amount of anesthetic agent re- 
quired for induction or maintenance was observed and the time for 
recovery of consciousness was not prolonged in any case in the series. 

The condition of patients for the first four hours post-operatively 
was highly satisfactory. Vomiting was rare and, if present, slight. There 
was no incidence of persistent nausea or prolonged vomiting. Most 
patients slept naturally during this period, were easily wakened and 
returned quickly and quietly to sleep if roused. The nursing staff 
reported that there were no cases of post-operative restlessness in the 
absence of pain and none were observed personally. No post-operative 
pulmonary complications occurred in the series. 


DISCUSSION 


Practising anesthetists will appreciate how difficult it is to predeter- 
mine accurately the time lapse between administration of premedica- 
tion and induction. Most cases in this trial received premedication 
from one hour to one hour and three quarters prior to induction. 
Where the upper limit was exceeded (even up to two and a half hours) 
no difference was observed in pre-operative condition, but where the 
interval was less than one hour, sedation and co-operation were pro- 
portionally diminished. It is suggested that to obtain optimum results, 
trimeprazine should be administered not less than one hour prior to 
induction. 
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Trimeprazineas used ina | percent solution necessitated the injection 
of up to 6ml in heavy adults. The almost complete absence of pain at 
the site of injection was, therefore, surprising. In the three cases in 
which pain did occur,this was attributable to faulty technique in location 
and depth of the injection. It would be of some advantage if a more 
concentrated solution could be used with a similar absence of pain. 

Although trimeprazine is stated to potentiate barbiturate and ether 
anesthesia!, no decrease was observed in the amount of anesthetic 
agents (nitrous oxide and halothane) required either for induction or 
maintenance. 

Since trimeprazine is a phenothiazine derivative, it was a matter of 
concern that patients would remain anezsthetised for a longer time than 
normal. However, the time for recovery of consciousness after cessation 
of anesthesia was no longer than that observed in patients prior to the 
commencement of the trial and there were no cases in which a stuporose 
condition supervened subsequent to anesthesia. 

On return to the wards those patients whose operations had produced 
little post-operative pain fell asleep or dozed for three or four hours, 
after which time they were fully alert. Where pain was present pethidine 
or, much less commonly, levorphanol or nepenthe was given. During 
the first four hours post-operatively restlessness was very rare and did 
not occur unless pain was present. Restlessness ceased in all cases as 
soon as pain was relieved. 

Many causes are responsible for post-operative vomiting. In this 
study immediate post-operative retching and vomiting were rare and 
when present, slight. There were no cases of persistent vomiting. There 
was no alteration in the observed incidence of vomiting during the trial 
and during the preceding period when promethazine, pentobarbitone 
or methylpentynol had been used in place of trimeprazine. 

The nursing staff we:e well satisfied with the drug as a premedication 
and all expressed the opinion that they preferred the post-operative 
course which it produced to that which followed the pre-operative use 
of pentobarbitone, methylpentynol or promethazine. 

The use of the intramuscular route in adults is generally accepted, 
but in children many anesthetists prefer an oral administration. It was 
considered that the difference in rates of absorption and the difficulty 
in ensuring that an accurate dose was given when the oral route was 
used would result in a variable and unpredictable blood concentration 
of trimeprazine. The intramuscular route was, therefore, used in all 
cases and uniformity of results was found to be satisfactory, as com- 
pared with an earlier period when the oral route had been in use for 
children. During this earlier period some cases were almost comatose 
on arrival at the operating theatre and others extremely wakeful. In 
addition, the orally premedicated patients varied considerably during 
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the post-operative period from a state of being nearly awake, to a 
condition of very deep sleep from which they could be roused only 
with difficulty and which lasted up to six hours. 

In the adults in the series the dose of 4mg of trimeprazine per stone 
was found sufficient to produce a relatively high and uniform degree 
of pre-operative tranquillity and co-operation, a post-operative free- 
dom from restlessness and no evidence of undesirable side-effects. 

To make allowance for the higher metabolic rate of children’, it was 
decided to increase the dosage to Smg per stone for patients aged 
twelve years or less. This proved to be a satisfactory adjustment in that 
there was no significant difference in results obtained in children and 
in adults. 

The inclusion of pethidine and hyoscine with trimeprazine as pre- 
medicating agents in the series has been unavoidable. No difference 
was observed in sedation, degree of co-operation, incidence of excite- 
ment stage, or in recovery from anesthesia between those patients who 
received this additional premedication and those who did not. A fur- 
ther selected series of cases where no other pre-anesthetic drug or 
post-operative sedation is given is at present under study. 

Of the patients in the group under discussion about one-third were 
persons who racially were predominantly Maori. Despite the fact that 
these people are generally regarded as being more placid in tempera- 
ment and more ‘easy going’ than Europeans, no evidence of a 


differential action of trimeprazine was observed. 


SUMMARY 


The effect of intramuscular trimeprazine as pre-operative medication 
has been assessed in 380 cases. Adequate and uniform tranquillity, 
good co-operation prior to induction and a peaceful recovery period 
were observed in almost all cases. 

The incidence of undesirable side-effects was negligible. 
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A new non-barbiturate anesthetic 
G.29505 


V. J. KEATING, MB, FFARCS 


St Charles’ Hospital, London 


It is generally agreed that there is a place for a short-acting intravenous 
anesthetic in dental and minor casualty surgery and in induction pre- 
ceding inhalation anesthesia. The intravenous barbiturates have not 
been found entirely satisfactory in this regard, mainly because recovery 
is often delayed especially in elderly patients while younger adults re- 
quiring momentary deep anesthesia in out-patient departments may 
be unable to return home for several hours. Moreover their short action 
is mainly due to their rapid removal from the blood stream and 
deposition of the unaltered drug in fat depots from which slow release 
may persist for twenty-four hours. Those who have had occasion to 
repeat a dose of thiopentone within this period will have noticed the 
prolonged and often alarming depression which follows. 

The appearance of a new intravenous non-barbiturate anesthetic, 
Geigy G.29505 on the continent in 1957 drew attention to the pos- 
sibilities of different chemical groups for intravenous use. A prelimin- 
ary pharmacological report was made by Thuillier and Domenjoz! 
and studies in norma! volunteers were initiated by Frey and Herrmann 
in 19572. A preliminary clinical trial was carried out by Feurstein3 and 
by Henschel and Just¢. 

G.29505 is a phenoxyacetamide derivative and owes‘its short action 
to its rapid destruction in the body probably in the liver. The early 
clinical and pharmacological reports suggested that it was safe and 
that the claims for its short action were justified. Although pharmaco- 
logical study indicated its use in out-patient surgery, it was considered 
that in the interests of safety this preliminary trial should be confined 
to in-patients in whom prolonged post-operative observation is easier 
and ill effects, if any, could be noticed and treated quickly. 


CHEMISTRY 


2 - methoxy - 4 - allylphenoxyacetic acid - N, N - diethylamide (Geigy 
G.29505) is a eugenol derivative and belongs to the phenoxyacetamide 
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group of substances. It is a clear odourless oil with a bitter taste and 
hasa local anesthetic action if applied to mucous membranes. Although 
insoluble in water it is soluble in several common organic solvents. 
The present preparation of G.29505 is an emulsion of lecithin 4 per 
cent and glucose 5 per cent in water. This produces a white milk-like 
preparation through which it is possible to see blood entering the 
syringe from a vein. The active drug is fat and lipide soluble. 


PHARMACOLOGY 


In animals (mice and rats) G.29505 produces sedation, cessation of 
spontaneous movements, loss of positional reflexes and, in larger doses, 
insensibility and loss of pain reflexes. Thuillier and Domenjoz who 
carried out the original pharmacological survey reported that respira- 
tory depression was not marked though death from overdose was 
reported as due to respiratory paralysis after a coma lasting for several 
hours. The anesthesia produced in the rabbit or cat is extremely short 
and detoxication so rapid that it is difficult to obtain hypnosis with the 
drug given by mouth. Death after administration of very large doses 
by this route is by cardiac arrest after a prolonged coma. It appears to 
have an anti-convulsant effect and to be an antagonist to leptazol and 
strychnine. The possession of analgesic or anti-analgesic actions is of 
practical importance to the clinical anesthetist for if the drug has some 
analgesic action, the depth of coma necessary for painful procedures is 
much less than with agents such as thiopentone which probably have 
some anti-analgesic effects. Thuillier and Domenjoz report an analgesic 
action, but the dosage used was large, sufficient to produce general 
anesthesia and Rapp‘ found no such action using the Hardy-Wolff 
test. A 10 per cent fall in blood pressure accompanies stage III anes- 
thesia, but this observation was made in animals previously given 
barbiturates and cannot be applied to the human patient. The fall in 
blood pressure too, was momentary and was followed by a rise. It has 
one unusual effect for a hypnotic in that it produces when first injected 
marked respiratory stimulation though this effect may occasionally be 
seen with thiopentone after rapid injection. In animals depressed by 
morphine it also causes respiratory stimulation. This effect does not 
appear to be due to the solvent used though the action of metabolites 
cannot be excluded. 


TOXICITY 


Biich ‘tested the drug for liver toxicity using the bromosulphonpthalein 
test of Rosenthal and White and found no evidence of liver damage. 
The metabolites of G.29505 are not toxic and have no anesthetic 
action’. Chronic toxicity tests were carried out by Thuillier and 
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Domenjoz in rats and rabbits who received up to 100mg per kg 
subcutaneously daily for six weeks. During this period the animals 
showed no signs of injury, gained weight and subsequent microscopic 
examination of the liver, spleen and kidneys revealed essentially 
normal histology. 


METABOLISM 


The metabolism of the drug has been studied by Pulver’. He found 
that after injection very rapid breakdown of the allyl side chain occurs 
to form a salt insoluble in fats, but soluble in water. These metabolites 
are non-toxic and have no anesthetic action’. The unaltered drug is 
concentrated in the brain and fatty tissues at first, but is cleared from 
nervous tissues rapidly. Release from fat is slower, but, due to rapid 
breakdown, measurable amounts of G.29505 are not found in the 
blood once the initial injection has been cleared. Deposition in fat is 
not responsible for its brief action and only small amounts are found 
in this tissue after recovery from anesthesia. Most of the metabolic 
products are recoverable from the urine within four days. Liver homo- 
genates cause breakdown in vitro’ so it would appear that its use in 
disease of this organ is inadvisable. 


PHARMACOLOGICAL ACTION IN MAN 


G.29505 given intravenously in doses of about 3mg per kg produces 
rapid unconsciousness after a short period of hyperventilation. With 
unconsciousness, a period of apneea occurs which may be due to the 
preceding hyperventilation and carbon dioxide wash out. There are no 
obvious effects on blood pressure or pulse rate. Recovery follows about 
ten minutes later and the patient is well orientated and the recovery 
point appears to be sharply defined. The patients appetite for food, 
alcohol and tobacco is complete within an hour. Continuous electro- 
cardiograph recordings were carried out by Henschel and Just* and 
they found no disturbances in impulse conduction or formation though 
occasional supra-ventricular premature systoles appeared during the 
period of hyperventilation. The use of an electrocardiograph in a small 
number of patients gives information of little value, but clinical experi- 
ence indicates that it is not a cardiac depressant. The electroencephalo- 
graph pattern shows nothing of note, but hyperventilation is apt to 
mask abnormalities. 

The parasympathetic disturbances, laryngo- and bronchospasm 
common under thiopentone hypnosis do not appear under G.29505 
even where premedication is omitted. Recovery time does not seem to 
be affected by theage of the patient +. Mild euphoria is usual on recovery 
and occasionally a few minutes restlessness may occur. The only 
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obvious disadvantage of the drug is the thrombosis which sometimes 
follows its intravenous injection. It does not appear to be painful and 
only one patient complained in the series reported in this paper. This 
side action is due to the drug not the solute. 


Tonsillectomy 

Fr. nose manipulation 
Fr. tibia reduction 
Cholecystectomy 
Correction of strabismus 
Forceps delivery 


N OANNN 


RESULTS OF TRIAL 


G.29505 was used as an intravenous induction agent in 132 patients 
ranging in age from five to eighty-three years. The drug is obviously 


irritant to the vessel walls so to avoid the possibility of intra-arterial 
injection the veins on the back of the hand were used. Three patients 
complained of pain during injection and one returned one week after 
discharge from hospital with thrombosis of the antecubital vein at the 
bend of the elbow although both his own recollection and his record 
showed that the injection was on the back of the hand. The thrombosed 
vein was not painful. A test dose of 50mg was used in adults and 25mg 
in children and this was followed by slow injection until the patient 
became unconscious when anesthesia was completed by nitrous oxide- 
oxygen. In only one patient did the total amount exceed 250mg and 
recovery from this dose is so rapid that it is essential that nitrous oxide 
be used before a relaxant is injected. With the advent of unconsciousness 
marked hyperpneea occurs similar to that seen after a large intravenous 
dose of nikethamide, a phenomenon which recurs with subsequent 
injections. Incompatability with the usual premedication relaxants or 
inhalation anesthetics was not noticed. Pulse monitors, used to detect 
gross disturbances in cardiac systole are used routinely in this hospital 
group and revealed no abnormalities in the circulation which could be 
attributed to G.29505. The dangerous effects of thiopentone as an 
induction agent in elderly shocked patients are now well known. Thata 
prolonged period of unconsciousness and circulatory depression fol- 


= { | 
Table 
OPERATION NUMBERS 
Appendicectomy 
Cesarean section 
* Fr. femur reduction and pinning 
og Major dental 
Orchidopexy 
Cystoscopy 
Prostatectomy 
Lipoma excision 
: TOTAL 1 
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lows even moderate dosage is less often appreciated. It has been the 
writer’s practice to omit all intravenous barbiturates in very bad risk 
patients and to induce anesthesia with nitrous-oxide-oxygen assisted 
by full doses of relaxants. This has some disadvantages; it may be 
unpleasant for the patient and difficult if the subject is restless or unco- 
operative. Anesthesia in thirteen patients of over seventy years was 
induced with G.29505 without evidence of a fall in blood pressure, 
prolonged respiratory depression or delayed return of consciousness. 
The period of total apnea following induction requires treatment un- 
less oxygen is given prior to the hyperpneea. Tonsillectomy dissection 
in young children requires deep anesthesia followed by rapid recovery 
of reflexes in the interests of safety. This may be obtained by the use of 
nitrous oxide and a relaxant, but many dislike this induction. G.29505 
provided a satisfactory induction for twenty-nine children under six 
years, but in two a generalised transient erythema followed the main 
dose and this was followed by a fall in blood pressure lasting less than 
aminute. The remainder showed no fall in systolic or diastolic pressure. 
The dose should be restricted to that indicated by the child’s weight 
(about 3—Smg per kg) and need not exceed that required to produce 
momentary unconsciousness. Due to the necessity for adequate seda- 
tion for psychological reasons prior to surgical operations in children 
the rapid recovery from anesthesia usual with G.29505 was not 
observed in this group. 

In cesarean section, the interests of the child require that narcotics 
be avoided or metabolised immediately prior to section of the cord and 
delivery. G.29505 would appear to have theoretical advantages in this 
operation. It was used in nine forceps deliveries and in six patients 
undergoing cesarean section. The condition of mother and infant was 
satisfactory in all except one. This was a cesarean section carried out 
for foetal distress and the child failed to establish normal respiration on 
delivery. While intubation prior to oxygen insufflation was being car- 
ried out, spontaneous respiration commenced and further treatment 
was not required. The depression of this child cannot be attributed to 
the induction agent or the general anesthetic used: nitrous oxide- 
oxygen with intermittent doses of suxamethonium and controlled 
respiration. 

Two patients complained of nausea for over twelve hours after 
cholecystectomy, both were females and occupied adjoining beds in 
the same ward. No other complaints on this score were received. 
Although twenty-one patients were aged (over seventy) and ill, cir- 
culatory depression during induction did not occur and the anesthetic 
appears to be safe in this respect. No incompatability with the subse- 
quent maintenance anesthetics was noticed. A minor disadvantage is 
that if induction is carried out in an anesthetic room and anesthesia 
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completed in the theatre, the patient may wake before he is placed on 
the table if a delay of more than a few minutes ensues. Partial or com- 
plete suppression of suxamethonium fasciculations appears to occur, 
but the subsequent paralysis is unaffected. 


SUMMARY 


A short clinical trial of a new ultra short-acting intravenous anesthetic 
is described (Geigy, G.29505). It is not a barbiturate and belongs to 
the phenoxyacetamide derivatives of eugenol. Its short action is due to 
rapid breakdown in the tissues and not to deposit in fat depots. It 
would appear to have advantages over the barbiturates where brief 
action is important and respiratory and circulatory depression must 
ve avoided. Its principal disadvantage is its tendency to cause venous 
thrombosis. 
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Is pre-operative sedation of value in children? 


JAMES W. McCLOY, FFARCS 
Late Senior Registrar* 
MARGARET E. RIDDOCH, FFrarcs 
Senior Registrar 


The Department of Anesthetics 
Aberdeen Royal Infirmary 


Drug premedication of children is only one of several factors in pre- 
paring children for operation. The attitude of mind of the parents and 
the tactful and kindly handling of these patients by medical and nursing 
staff are of prime importance. Gusterson! has suggested a plan to be 
adopted iii the management of children pre-operatively and stressed 
such details as the admission of patients of one age group at the same 
time and the need for each child to bring a favourite toy into hospital 
to comfort him during his change of environment. 

In selecting a drug for sedative premedication, the ideal at which to 
aim is one which causes the child to fall asleep following its administra- 
tion, but whose return to consciousness is not delayed in the post- 
operative period. Unfortunately, no such drug is available at the 
present time. 

Rectal thiopentone achieves basal narcosis in the ward, but it pro- 
duces respiratory depression and impaired reflexes post-operatively in 
all but the longest operations. An additional drawback is that some 
children resent the rectal assault incurred in its administration. 

Of the many sedative drugs available for oral administration to 
children—chloral hydrate, nepenthe, short-acting barbiturates, methyl- 
pentynol and a variety of phenothiazine derivatives —- each shares the 
disadvantage that in order to overcome the objectionable taste, it must 
be given in a suitable vehicle of more acceptable flavour. This increases 
the volume of fluid given and as a result the child may vomit im- 
mediately, thus losing any sedative value of the premedication, or, 
worse, he may vomit during the induction of anzsthesia and place his 
respiratcry tract in jeopardy. Having been persuaded to imbibe and, 
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with luck, retain this mixture, the child is then given an injection of 
atropine in the arm, thus adding injury to insult. 

Alternatively, systemic administration of opiates, or phenothiazine 
derivatives offers greater certainty of absorption into the bloodstream 
and can be combined in a one-shot technique with atropine. Many of 
these drugs, however, cause respiratory depression in overdosage and 
where small volumes are being injected, this may occur fairly readily. 
Dilution beforehand overcomes this problem, but presents the child 
with a bigger volume to be injected. 

Rollason? has investigated the use of chloral hydrate (Sgr (350mg)/ 
stone), methylpentynol (100mg/stone) and phenergan elixir (prometh- 
azine) (Smg/stone), and concluded that none of these drugs proved 
more satisfactory than no premedication at all in the dosage used. It 
was decided to continue the investigation along the lines adopted by 
Rollason. 

MATERIAL AND METHODS 


The records of the Royal Aberdeen Hospital for Sick Children show 
that during the past five years 40 per cent or more of all operations 
performed consisted of tonsillectomy by dissection, with or without 
adenoidectomy. Accordingly, tonsil lists were selected for this trial and 
variables were reduced by having one surgeon using the same technique 
in all cases. 

The children were admitted to a single ward where one sister was in 
charge and where the routine never varied. 

They were premedicated by the anesthetist who was not going to be 
responsible for the following morning’s list, so that assessment of the 
child’s state was not influenced by a knowledge of the drug used. 

In this teaching unit, open ethyl chloride and ether were used for 
induction, followed by blind nasal intubation and anesthesia was 
maintained by nitrous oxide, oxygen and ether during the tonsil 
dissection. Operating time ranged from six to nine minutes. 

The observations were collected in three series in which the 
following drugs were used: 

SERIES 1 (a) Atropine only by injection 
(6) Nembutal (sodium pentobarbitone) 32mg/stone orally, and atropine by 
(2) Pethidine 10mg/stone and hyoscine 0.04mg/stone by injection 


(a) Atropine only by injection 
(6) Mixture containing oblivon elixir (methylpentynol - 250mg in Ifi.dr of 
mixture) and hyoscine (0.04mg in Ifl.dr of mixture). Dosage: Ifi.dr per stone 


orally 

(c) Syrup vallergan forte (trimeprazine tartrate) containing 22mg per fi.dr. 
Dosage: 2mg/Ib orally and atropine by injection 

(a) Atropine only by injection 

(b) Pamergan S.P. 50 by injection. This contains pethidine 50mg, pro- 
mezathine 50mg, hyoscine 0.4mg in 2ml. Dosage: 3minims/stone. 
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The drugs were given one-and-a-half hours pre-operatively and the 
hyperduric preparation of atropine (atropine mucate) was used in a 
dosage of 0.4mg intramuscularly for those under five years of age and 
0.6mg for children of five years and over. 

The children’s behaviour was classified into three categories: calm, 
disturbed and turbulent. Each child was assessed by the anesthetist 
first on arrival in the anesthetic room and then during induction of 
anesthesia. Only if he remained calm on both scores, was he included 
in that category and the pre-operative scoring was taken as the less 
favourable of the two observations where they were not identical. 

Post-operatively, the ward sister was responsible for assessing the 
patients over the two hours following their return from theatre. 


ANALYSIS OF DATA 
Table 1 
Assessments of three control series premedicated with atropine only 


SERIES CALM DISTURBED TURBULENT TOTAL 
Pre-operative 

1 a4 28 41 103 

2 3» 33 38 101 

3 12 13 9 34 
Post-operative 

1 89 ll 3 103 

2 82 17 2 101 

3 3% 3 1 «4 


Table 1 The results for the three series of treatments by atropine only 
are shown in TABLE 1. There is no indication that the distribution of 
assessments changed appreciably over the three series and tests of 
significance showed that the small variations among the series could 
easily have arisen by chance in both the pre-operative and post- 
operative results. The data for the three series were, therefore, 
amalgamated for the analysis. 


Table 2 
Assessments by age of children 
PERCENTAGE OF TOTAL IN AGE GROUP 
PRE-OPERATIVE POST-OPERATIVE TOTAL CHILDREN 
AGE IN YEARS CALM DISTURBED TURBULENT CALM DISTURBED TURBULENT IN AGE GROUP 
% $\SUMBER 
3 and under 14 28 58 78 18 a 100 87 
4 30 33 37 81 9 10 100 120 
5 32 31 37 79 19 2 100 160 
6 46 25 29 82 16 2 100 140 
7 48 27 2s 82 12 6 100 a4 
8 34 26 20 87 8 5 100 39 
9 54 30 16 91 7 2 100 43 
10 and over 59 30 il 82 13 5 100 61 
TOTAL 38 3% 32 81 14 $ 100 74 
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Table 2 gives the distribution of the assessments by the age of the 
children. The post-operative results show no consistent change in the 
proportions in the different categories with age and the variation is not 
significant. On the other hand, the degree of disturbance pre-operatively 
becomes very much less with increasing age. Although this change 
takes place over the whole age range, the sharpest distinction seems to 
be between ages five and six years, i.e., the age at which the child 
becomes accustomed to be separated from his parents by the normal 
process of going to school. It also happens that there were equal num- 
bers of children in the study under and over the fifth year of age. It is 
relevant and convenient, therefore, to divide the pre-operative assess- 
ments into these two groups for further analysis. A more refined 
division by age is not justified because the numbers for the comparisons 
would then become rather small. 

The data were sub-divided by sex of the children, but no important 
difference in response between males and females was apparent. No 
division of the data by sex, therefore, are shown in the tables. 


Table 3 


Pre-operative assessments by drug combination and age group 


AGE 5 YEARS AND UNDER AGE 6 YEARS AND OVER 
CALM DISTURBED TURBULENT TOTAL CALM DISTURBED TURBULENT TOTAL 


61 125 33 113 
16 49 30 

49 27 
19 46 24 


13 46 25 
23 52 24 


Percentage of pre-medicated group 
49 100 47 


33 62 


53 


26 100 100 
35 100 50 100 


Table 3 The distribution of pre-operative assessments when the vari- 
ous premedication drugs were used are shown in TABLE 3 — separately 
for the children under and over five years of age. The incidence of 
‘disturbed’ and ‘turbulent’ children does not vary much with the differ- 
ent drugs for the older group and on the hypothesis that the drugs have 
equal effects, these results could easily have occurred by chance. The 
differences for the younger children are much larger and premedication 


; 
COMBINATION 
Atropine only 23 41 
Nembutal & : 
atropine 21 12 
Pethidine & 
scopolamine 13 14 
Oblivon & 
scopolamine 12 15 ; 
Vallergan & 
: atropine 12 21 Po 15 13 53 : 
Pamergan 18 11 17 7 48 
Nembutal & 
atropine 43 24 Pe 19 19 100 . 
Pethidine & 
; scopolamine 26 29 45 100 a 27 20 100 ; 
Oblivon & 
7 scopolamine 26 33 41 100 44 28 28 100 
atropine 
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with nembutal and atropine gave results which were significantly better 
at the 5 per cent level than those achieved by atropine alone. This 
difference would have occurred by chance in only about 2 per cent of 
trials. It is also worth noting that nembutal and atronine gave rather 
better results than atropine only for the older children also. For the 
younger children, pamergan and vallergan plus atropine also gave 
appreciably better results than the control drug, although the 
differences were not significant. 


TOTAL 


238 
97 
100 
100 
9 
100 


Table 4 In TABLE 4, the distribution of post-operative assessments 
with the different premedicant drugs is presented. The numbers of 
disturbed and turbulent childzen in each group are relatively small, 
but the percentage is substantially higher in those given nembutal and 
atropine than in the control group given atropine only. 

This difference is significant at the 1 per cent level. No other differ- 
ences are near significance. The data were examined for possible 
variations in these comparisons with age, but none were distinguished. 


Table 5 


Combined pre- and post-operative assessments by premedicant drug and age groups 
AGED 5 YEARS AND UNDER AGED 6 YEARS AND OVER 
CALM DISTURBED TURBULENT TOTAL 


35 28 
17 
14 
17 


15 
19 


Table 4 
Post-operative assessments by premedicant drugs 4 
Number of children 
Atropine only 201 31 6 eo 
Nembutal and atropine 66 22 
Pethidine and scopolamine 79 16 
Oblivon and scopolamine 77 17 6 ay 
Vallergan and atropine 89 8 2 
Pamergan 86 9 
Percentage of treatment group -. 
Atropine only 13 3 100 Naa 
Nembutal and atropine 23 9 100 ie 
Pethidine and scopolamine 16 100 
Oblivon and scopolamine 17 6 100 = 
Vallergan and atropine 4 2 100 Es 
Pamergan 9 5 100 
Number of children 
Atropine only 18 63 125 50 113 
Nembutal & 
atropine 18 13 18 49 18 ety a 
Pethidine & a 
scopolamine 12 12 25 49 27 $1 eee 
scopolamine il 16 19 46 22 54 mi | 
Vallergan & q 
atropine 14 | 14 33 Age 
Pamergan 4 10 28 7 43 
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Percentage of premedication group 
51 a4 100 


37 38 100 
31 53 100 
41 28 100 


46 100 27 100 


30 
19 54 100 46 15 100 


Table 5 The pre-operative and post-operative observations are com- 
bined in TABLE 5. Here, the measurement taken was the most un- 
favourable state of the child pre-operatively or post-operatively. Thus 
‘calm’ means that this was the assessment at both stages. The analysis 
of these data gives effectively the same results as that of the pre- 
operative assessments in TABLE 3. Variations for the older group of 
children are not significant, but for the younger group nembutal and 
atropine gave significantly better results, at the 5 per cent level, than 
atropine alone. The results with the other drugs were also better than 
those with the control for the younger children, but the differences 
were not significant. 


DISCUSSION 


Controlled experiments of this nature have been carried out by several 
authors using different drugs and also by some of them using the same 
drug in varying dosage, thus obtaining a dose-response curve. Gould- 
ing et al.3 investigated the use of methylpentynol (75mg/stone), buto- 
barbitone (20mg/stone) and chlorpromazine (Smg/stone) on children 
having dental out-patient procedures. They reached the conclusion 
that ‘the drugs could not be distinguished from the placebo by their 
effect on the behaviour of out-patient children about to undergo 
anesthesia for dental extractions’. These findings support those of 
Rollason?, who found that the drugs he investigated offered no 
significant advantage over no premedication at all in the preparation 
of children for anesthesia. 

Freeman and Bachman‘ investigating a total of twelve drug com- 
binations in 292 patients, found that they obtained the best results 
with a mixture of sodium pentobarbitone and hyoscine given orally. 
On the other hand, Doughty, carried out a double blind trial of 
papaveretum (1/18gr (3.5mg)/stone) — hyoscine (1/900gr (0.075mg)/ 
stone) by injection and methylpentynol (231mg/stone) — hyoscine 
(1/300gr (0.2mg)/stone) given orally, on 318 children undergoing 
tonsillectomy and concluded that methylpentynol — hyoscine was a 
satisfactory sedative combination when used prior to intravenous 
induction of anesthesia. 


500 
Aropineonty 1433 
: Nembutal & 
atropine 37 26 
Pethidine & 
scopolamine 24 25 
Oblivon & 
scopolamine 24 35 
Vallergan & { 
atropine 24 
Pamergan 27 
4 
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Our findings in favour of nembutal and atropine — especially for the 
younger age groups — serve to emphasise the divergence of opinion 
regarding satisfactory premedication of children about to undergo 
operation. A distinct disadvantage of this particular drug combination 
is its association with the higher incidence of disturbed and turbulent 
children post-operatively. 

The need for adequate premedication has been shown to be greatest 
in the under-five age group — where the emotional upset associated 
with hospitalisation is obviously maximal, and efforts to reason with 
the child and remove fear by explanation cannot always meet with 
success. It is, therefore, for this group that drug premedication is of 
greatest value, and it remains a challenge to the pharmaceutical firms 
to produce a more effective agent than is yet available. 


SUMMARY 


A controlled trial was conducted to evaluate the efficacy of five drug 
combinations used to premedicate children undergoing tonsillectomy. 

Pre-operatively, nembutal and atropine gave significantly better 
results, particularly in the younger (five years and under) age groups, 
but this combination was associated with a substantially increased 
incidence of turbulence post-operatively. 

There would appear, as yet, to be no satisfactory premedication for 
children undergoing surgery requiring active re.ler»s and the absence 
of restlessness in the immediate post-operative reri +: and this should 
constitute a challenge to the pharmaceutical ir. usa). 
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NEW INVENTIONS 


Unless expressly stated by the authors no claim to originality or priority is made 
and items given under this head include modifications to existing apparatus. 
The Editor regrets that space considerations make it impossible 
to publish correspondence on this subject 


A pediatric endotracheal tube union 


ROBERT I. W. BALLANTINE 


The pediatric endotracheal tube union illustrated is a modification of 
several existing unions that I have had made for my own use and which 
I believe others may find useful. 

It has three particular features. First, there are afferent and efferent 
limbs for use with a T-piece technique. 

Secondly, there is a right-angled curve so that the union can be 


iL. 


strapped firmly either to the chin or the upper lip and cheeks. This has 
the added advantage that inspiratory and expiratory limbs of the 
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T-piece lie in the horizontal plane and, therefore, allow the head to be 
draped closely during operations on the head and neck. 

Finally, there is a port, closed by a cork, which allows for suction 
and the insertion of a wire introducer during intubation with flexo- 
metallic tubes. 

The union is made in sizes 0, 1, 2 and 3 by the British Oxygen 
Company Ltd, 27 Devonshire St, London W1, to whom I am grateful. 


An apparatus for continuous epidural analgesia 
DEREK W. ATHERLEY 


Mosi existing methods of maintaining sterility during continuous epi- 
dural analgesia are not entirely satisfactory. They are either very cum- 
bersome to operate, for example, if the syringe is enclosed in a flexible 
container, or else involve repeated scrubbing up on the part of the 
operator. One method of overcoming these difficulties is by using a 


continuous drip infusion of the analgesic solution, but the intermittent. 


injection of the analgesic is considered to be simpler and safer. Hingson 
and Edwards! described a technique employing a multidose container, 
two-way tap and an all-glass syringe for the injection of analgesic into 
the epidural space. Their technique is such that the operator must 
scrub up every time an injection is to be made and it was to overcome 
this disadvantage and also to provide compact equipment, that could 
be easily moved with the patient from the operating theatre to the ward, 
that the present apparatus was designed. 

The apparatus consists of a metal base-plate and stand to hold a 
5ml all-glass Luer-Lock syringe and a multi-dose bottle of analgesic 
solution. The syringe is so arranged that the head of the plun,er is 
clipped into a holder on the end of a second plunger running inside a 


FIG. | 
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metal barrel (FIG. 1a). A retaining collar is slipped over the barrel of 
the syringe and screwed on to the metal barrel so that when the second 
plunger is withdrawn the plunger of the syringe runs inside the metal 
case and is protected from contamination (FIG. 2). The plunger of the 


FIG 2. Complete apparatus 


glass syringe is, therefore, never touched by hand after the apparatus 
has been assembled prior to sterilisation. The syringe is clamped to the 
base by a clip placed around the nozzle, while the metal barrel is 
secured to the base by a metal spacing block and thumbscrew. The 
spacing block runs in a slot cut in the base to allow for slight variations 
in the size of the all-glass syringes. A two-way tap is screwed into the 
syringe nozzle, but is modified by having a short wide-bore needle and 
flat metal guard brazed on to the side arm (FIG. 1B). The guard is to 
prevent the cap of the multidose bottle from being pushed too far 
down the needle on to the tap when the apparatus is assembled (FIG. 2). 
The epidural catheter is attached to the third arm of the tap by means 
of a Tuohy adapter. This type of adapter is also known as a cardiac 
catheter adapter (FIG. IC). 

The apparatus is autoclaved fully assembled, except for the multi- 
dose bottle of lignocaine, in the same pack as the epidural needles and 
catheter. It was found that the rubber caps of these bottles would not 
withstand the vacuum reached in the autoclaves at present available in 
the central sterile supply department; these bottles are now sterilised 
separately, each enclosed in a nylon packet, in an autoclave which does 
not apply a vacuum. 
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When the apparatus is used the cap of the multidose bottle is first 
pierced by an air vent needle (FIG. 2), containing a cotton-wool filter 
at its open end, then inverted over the piercing needle on the two-way 
tap, and finally pushed downwards until the cap is in contact with the 
guard. The epidural catheter is then inserted into the patient by any of 
the usual techniques and connected to the tap. The volume of air con- 
tained in the catheter is extremely small, being less than half a milli- 
litre in a catheter 8 ft in length. Repeated injections of analgesic may 
now be given by manipulating the tap and the syringe. 

When the multidose bottle is empty it is pulled off the tap and 
replaced by a fresh sterile one from another nylon packet. 

The apparatus is extremely simple to use and if it is thought desir- 
able it is quite possible to leave the supervision of the patient to a 
suitably instructed house surgeon, or even a ward sister. When it is 
used with an epidural catheter 8 ft in length, it is possible to stand the 
apparatus on a bedside table so that the patient may be moved in bed 
and nursing procedures performed. The equipment has been in use at 
the Middlesex Hospital for the past year and no complications or 
difficulties have arisen during this period. 
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A simplified universal needle diaphragm 


Cc. C. DIDCOTT 


A variety of intravenous needles and cannule has been developed 
which remain in situ and facilitate repeated injections without block- 
age. There are the disadvantages, however, that they are often 
cumbersome and sometimes expensive. 

A disposable device is now described which has the advantages of 
simplicity, negligible cost and universal applicability. It is supplied 
sterile, ready for immediate use. 
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Essentially it consists of a rubber cap which fits over a standard 
needle hub to convert it into an arrangement similar to a Gordh’s 
needle or adapter. It has a diaphragm through which injections can be 
given and also side wings for stability. Leakage is prevented because 
the cap portion has a narrower inside diameter than the needle hub 
and thus, through elasticity, it grips the hub and moulds itself to 
irregularities of contour. These may be ridges or flanges which are 
encountered with needles having Record, Luer or Luer-Lock hubs, of 
which there are many different types. It has been shown experimentally 
and by clinical trial that the seal will easily withstand the normal 
hydrostatic pressures met while injecting into veins. 

This rubber adapter is fitted to the needle simply by pushing it over 
the hub shoulder, holding the nose of the hub between finger and 
thumb. The orifice of the adapter is tapered to facilitate this and it can 
be fitted with relative ease whether the needle is already in the vein or 
not. 

The adapter is supplied sterile single or already fitted with a needle 
in approved plastic packing. 

For obvious reasons, it should prove particularly useful to anes- 
thetists. In addition, it will be found of service in general medical 
practice, especially in hospitals where intermittent venous therapy is 
used, or where drips are discontinued during the night for the patient’s 
comfort. 

To sum up, an inexpensive, disposable diaphragm adapter or cap is 
described which fits over the connecting ends of practically all types 
of standard intravenous needles and cannule to seal the ends and 
provide a diaphragm for intermittent injections. 
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Anesthetic literature 


ARTICLES OF GENERAL INTEREST 


Ventilation of operating theatres. (1961) Brit. med. J., i, 958 (April 1). Leading 
article. 

The anesthesiologist’s responsibilities in tracheostomy. CRAWFORD, O. B. (1961) 
Anesthesiology, 22, 86 (January). 9 refs. 

Problems related to the prone position for surgical operations. SMITH, R. H., 
GRAMLING, Z. W. and VOLPITTO, P. P. (1961) Anesthesiology, 22, 189 
(March). 2 refs. 

Influence of the head-jaw position upon upper airway patency. MORIKAWA, S., 
SAFAR, P. and DE CARLO, J. (1961) Anesthesiology, 22, 265 (March). 14 refs. 

The tight brain. MARSHALL, M. (1961) Lancet, i, 745 (April 8). 4 refs. 

Pulmonary evaluation and risk in patient preparation for anesthesia and surgery. 
MENEELY, G. R. and FERGUSON, J. L. (1961) J. Amer. med. Ass., 175, 1074 
(March 25). 17 refs. 

Cinefluorographic study of hyperextension of the neck and upper airway patency. 
GREENE, D. G. et al. (1961) J. Amer. med. Ass., 176, 570 (May 20). 13 refs. 
Anesthesia for the out-patient treatment of hernia and varicose veins. SUTHER- 
LAND, J. 8. and HORSFALL, G. L. (1961) Lancet, i, 1044 (May 13). 4 refs. 

Electrical anesthesia again. (1961) Lancet, i, 1103 (May 20). Annotation. 7 refs. 


APPARATUS 


A hydraulic-powered, foot-operated, tilting obstetric bed. sTEEL, G. c. (1961) 
Brit. med. J., i, 963 (April 1). 

Positive pressure respirator. MOSS, G. (1961) Anesthesiology, 22, 121 (January). 

Blood pressure determination in the new-born with a photosphygmometer. 
WILLIAMS, G. S. and EASTWOOD, D. w. (1961) Anesthesiology, 22, 237 
(March). 50 refs. 

An. oxygen-driven blood-infusion pump. SALT, R. H., HALL, M. R. P. and 
TAYLOR, W. H. (1961) Lancet, i, 642 (March 25). 2 refs. 

A medical metering pump. ANDERSON, J., PARSONS, V., BAKER, L. W. and 
DUDLEY, H. A. F. (1961) Lancet, i, 646 (March 25). 

Portable anesthetic apparatus for use in the Antarctic. NUNN, J. F. (1961) Brit. 
med. J., i, 1139 (April 22). 16 refs. 

Modification of the Negus tracheotomy tube, and a tracheotomy T-piece. 
GILSTON, A. (1961) Lancet, i, 1326 (June 17). 


COMPLICATIONS OF ANASTHESIA AND OPERATION 


The respiratory effects of resistance to breathing in anesthetised man. NUNN, J. F. 
and EZI-ASHI, T. 1. (1961) Anesthesiology, 22, 174 (March). 13 refs. 

Effects of steroid treatment on patients undergoing operation. WINSTONE, N. E. 
and BROOKE, B. N. (1961) Lancet, i, 973 (May 6). 12 refs. 

Sweating and anesthesia. A consideration of causes and effects. LINTON, C. D. 
(1961) Anesthesiology, 22, 56 (January). 14 refs. 
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Amniotic fluid embolism. sCHNIDER, S. M. and MOYA, F. (1961) Anesthesiology, 
22, 108 (January). Review article. 87 refs. 

Cardiac arrest in obstetrics. GOLD, E. M., JACOBZINER, H., PAKTER, J. and 
STONE, M. L. (1961) J. Amer, med. Ass., 175, 1065 (March 25). 18 refs. 

Operating room fatalities. FERGUSON, J. H. (1961) J. Amer. med. Ass., 176, 483 
(May 13). 6 refs. Obstetrical and gynzcological cases. 

Therapeutic aspects of aspiration pneumonitis in experimental animals. 
BANNISTER, W. K., SATTILARO, A, J. and OTIS, R. D. (1961) Anesthesiology, 
22, 440 (May). 12 refs. 


GENERAL ANASTHETIC PROCEDURES 


Electronarcosis produced by a combination of direct and alternating current. A 
preliminary study. SMITH, R. H. ef al. (1961) Anesthesiology, 22, 163 
(March). 7 refs. Apparatus and electrodes. 

Respiratory water loss via anesthesia systems: mask breathing. CHASE, H. F., 
KILMORE, M. A. and TROTTA, R. (1961) Anesthesiology, 22, 205 (March). 
5 refs. 

Angiocardiography. LESTER, E. R. et al. (1961) Proc. Roy. Soc. Med., 54, 469 
(June), 127 refs. 

Pressure-flow characteristics and dead spaces of endotracheal tubes used in 
infants. GLAUSER, E. M., COOK, C. D. and BOUGAS, T. P. (1961) Anesthesio- 
logy, 22, 339 (May). 7 refs. 

Closed circuit anesthesia utilising known increments of halothane. HAMPTON, 
L. T. and FLICKINGER, H. (1961) Anesthesiology, 22, 413 (May). 5 refs. 

Anesthetic management for cardio-pulmonary bypass in a community hospital. 
PIERCE, J. A. ef al. (1961) Anesthesiology, 22, 452 (May). 9 refs. 

Concentration of halothane, ether and cyclopropane in inspired atmospheres 
during closed circuit anesthesia. FABIAN, L. W. ef al. (1961) Anesthesiology, 
22, 459 (May). 2 refs. 


HYPOTHERMIA 


Local hypothermia of the urinary bladder during transurethral surgery. FRANKS, 
D. P. and COCKETT, A. T. (1961) Anesthesiology, 22, 15 (January). 3 refs. 
Oxygen utilisation by dogs after administration of potassium perchlorate, during 
hypothermia, and at a pressure of two atmospheres. TANAKA, R., FUJIMORI, 
M. and VIRTUE, R. W. (1961) Anesthesiology, 22, 22 (January). 6 refs. 

Temperature difference in organs and tissues with observations on total oxygen 
uptake in profound hypothermia. HARPER, A. M. et al. (1961) Surg. Gynec. 
Obstet., 112, 519 (May). 9 refs. 


LOCAL ANALGESIC PROCEDURES 


Significance of variations of the skull in blocking the maxillary nerve. An 
anatomical and radiological study. PRIMAN, J. and ETTER, L. E. (1961) 
Anesthesiology, 22,42 (January). 11 refs. 

Spinal hemianalgesia: an evaluation of a method, its applicability, and influence 
on the incidence of hypotension. TANASICHUK, M. A., SCHULTZ, E. A., 
MATTHEWS, J. H. and VAN BERGEN, F. H. (1961) Anesthesiology, 22, 74 
(January). 45 refs. 

Axillary block of the brachial plexus. DE JONG, R. H. (1961) Anesthesiology, 22, 
215 (March). 13 refs. 
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A comparison of supraclavicular and axillary techniques for brachial plexus 
blocks. BRAND, L. and PAPPER, E. M. (1961) Anesthesiology, 22, 226 
(March). 6 refs. 

Intraocular surgery with local analgesia and heavy sedation. INGRAM, H. V. and 
DAVISON, M. H. A. (1961) Lancet, i, 1321 (June 17). 4 refs. 


MUSCLE RELAXANTS 


The placental transmission of succinylcholine. MOY A, F. and K VISSELGAARD, N. 
(1961) Anesthesiology, 22, 1 (January). 42 refs. 

Investigation of placental thresholds to succinylcholine. K VISSELGAARD, N. and 
MOYA, F. (1961) Anesthesiology, 22, 7 (January). 18 refs. 

Hydrolysis of succinylcholine by placental homogenates. MOYA, F. and 
MARGOLIES, L. (1961) Anesthesiology, 22, 11 (January). 12 refs. 

The use of toxiferine for the production of surgical relaxation. FOLDES, F. F., 
WOLFSON, B. and SOKOLL, M. (1961) Anesthesiology, 22, 93 (January). 
14 refs. 

Gas chromatography: an analytical method for anesthesiology research. 
SUMMERS, F. W. and ADRIANI, J. (1961) Anesthesiology, 22, 100 (January). 
12 refs. 

Respiratory complications associated with the use of muscle relaxants in young 
infants. SALANITRE, E. and RACKOW, H. (1961) Anesthesiology, 22, 194 
(March). 16 refs. 

Studies with muscle relaxants in unanesthetised subjects. FOLDES, F. F., MONTE, 
A. P., BRUNN, H. M. and WOLFSON, B. (1961) Anesthesiology, 22, 230 
(March). 26 refs. 

Urticaria and angioneurotic cedema following d-tubocurarine administration. 
WESTGATE, H. D., SCHULTZ, E. A. and VAN BERGEN, F. H. (1961) Anes- 
thesiology, 22, 286 (March). 18 refs. 


OBSTETRICAL ANASTHESIA AND ANALGESIA 


Placental transfer and drugs used in anestiiesia. MARX, G. F. (1961) Anesthesiology, 
22, 294 (March). Review article. 137 refs. 

Uterosacral block and the obstetrical anesthesia problem. ALDRIDGE, C. W., 
NANZIG, R. P. and BEATON, J. H. (1961) Amer. J. Obstet. Gynec., 81, 941 
(May). 8 refs. 

Cerebrospinal fluid pressures during labour and obstetrical anesthesia. MARX, 
G. F., ZEMAITIS, M. T. and ORKIN, L. R. (1961) Anesthesiology, 22, 348 
(May). 14 refs. 

Usefulness of paracervical block in obstetrics. PAGE, E. P., KAMM, M. L. and 
CHAPPELL, C. Cc. (1961) Amer. J. Obstet. Gynec., 81, 1094 (June). 12 refs. 
Lidocaine or dibucaine for saddle block anesthesia — an analysis. PETERSON, W. F. 

(1961) Amer. J. Obstet. Gynec., 81, 1249 (June). 

Maternal and feetal effects of obstetric analgesia. POTTS, C. R. and ULLERY, J. C. 
(1961) Amer. J. Obstet. Gynec., 81, 1253 (June). 10 refs. Intravenous use of 
promethazine and meperidine. 

The effect of analgesia and anesthesia on the initial foetal respirations. TAYLOR, 
Cc. R. (1961) Amer. J. Obstet. Gynec., 81, 1260 (June). 16 refs. Particular 
reference to the use of chloroform, levallorphan and halothane. 


PHYSIOLOGY AND PHARMACOLOGY 


Urea induced serum hyperosmolality and the central nervous system. BENSON, 
D. W. and MURPHY, G. P. (1961) Anesthesiology, 22, 24 (January). 14 refs. 
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Studies of coronary and peripheral blood flow following hemorrhagic shock, 
transfusion and 1-norepinephrine. VOWLES, K. D. J. et al. (1961) Ann. Surg., 
153, 202 (February). 25 refs. 

Apnoea, suction and hyperventilation: effect on arterial oxygen saturation. 
DOWNES, J. J., WILSON, J. F. and GOODSON, D. (1961) Anesthesiology, 22, 
29 (January). 24 refs. 

‘Potentiation’ of meperidine by promethazine. KEATS, A. S., TELFORD, J. and 
KUROSUJ, Y. (1961) Anesthesiology, 22, 34 (January). 16 refs. 

Does respiratory acidosis cause ‘cyclopropane hypertension’. LI, T. H. and 
ETSTEN, B. (1961) Anesthesiology, 22, 49 (January). 34 refs. 

Norepinephrine release during respiratory acidosis in adrenalectomised dogs. 
MILLAR, R. A. and MORRIS, M. E. (1961) Anesthesiology, 22, 62 (January). 
10 refs. 

Effects of atropine on cardiac rhythm in conscious and anesthetised man. 
JONES, R. E., DEUTSCH, S. and TURNDORF, H. (1961) Anesthesiology, 22, 67 
(January). 22 refs. 

Effect of epinephrine on the dog heart during methoxyflurane anesthesia. 
BAMFORTH, B. J., SIEBECKER, K. L., KRAEMER, R. and ORTH, O. S. (1961) 
Anesthesiology, 22, 169 (March). 5 refs. 

Technical problems of studying intravenous anesthetics in man. EGBERT, L. D. 
and MITCHELL, G. D. (1961) Anesthesiology, 22, 186 (March). 12 refs. 

The effect of morphine on the cardiovascular system of the dog anesthetised with 
cyclopropane. SCHULL, L. G., BERRY, G., VILLARREAL, R. and THOMAS, J. 
(1961) Anesthesiology, 22, 199 (March). 25 refs. 

The comparative and additive effects of methylphenidate and bemegride. GALE, 
A. S. (1961) Anesthesiology, 22, 210 (March). 9 refs. 

Alteration of human consciousness by nitrous oxide as assessed by electro- 
encephalography and psychological tests. HENRIE, J. R., PARKHOUSE, J. 
and BICKFORD, R. G. (1961) Anesthesiology, 22, 247 (March). 20 refs. 

The effect of Pco2 on the depth of anesthesia. MCALEAVY, J. C. ef al. (1961) 
Anesthesiology, 22, 260 (March). 16 refs. 

Correction factors for infra red carbon dioxide pressure broadening by nitrogen, 
nitrous oxide and cyclopropane. SEVERINGHAUS, J. W., LARSON, C, P. and 
EGER, E. I. (1961) Anesthesiology, 22, 429 (May). 9 refs. 

Apneeic oxygenation in adrenalectomised dogs. MILLAR, R. A. and MORRIS, M. E. 
(1961) Anesthesiology, 22, 433 (May). 22 refs. 

Prevention and correction of ventricular arrhythmias by dichloroisoproterenol in 
dogs anesthetised with cyclopropane. SCHULL, L. C., BERRY, G. and 
VILLARREAL, R. (1961) Anesthesiology, 22, 444 (May). 2' refs. 

Narcotic — narcotic antagonist mixtures. TELFORD, J. anu KEATS, A. S. (1961) 
Anesthesiology, 22, 465 (May). Review article. 143 refs. 

Prolongation of thiopental-induced sleep in dogs by narcotic analgesics. DOBKIN, 
A. B. (1961) Anesthesiology, 22,291 (March). 6 refs. 

Comparison of the cardiovascular, respiratory and metabolic effects of methoxy- 
flurane and halothane in dogs. DOBKIN, A. B. and FEDORUK, 8S, (1961) 
Anesthesiology, 22, 355 (May). 24 refs. 

Effects of halothane on gastro-intestinal motility. MARSHALL, F. N., PITTINGER, 
c. B. and LONG, J. P. (1961) Anesthesiology, 22, 363 (May). 2 refs. 

The ‘specific’ analgesic effect of trichlorethylene upon the trigeminal nerve. 
DEFALQUE, R. J. (1961) Anesthesiology, 22, 379 (May). 23 refs. 

Arterial oxygenation during transition from 100 per cent oxygen to air breathing: 
polarographic Pao2 study. HELLER, M. L. and WATSON, T. R. (1961) 
Anesthesiology, 22, 385 (May). 11 refs. 
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The respiratory threshold for carbon dioxide in anesthetised man. HANKS, E. C., 
NGAI, S. H. and FINK, B. R. (1961) Anesthesiology, 22, 393 (May). 11 refs. 
Determination during halothane anesthesia. 

Circulatory response to tilt with narcotic analgesics in normal healthy male 
subjects. DOBKIN, a. B. and CRISWICK, V. G. (1961) Anesthesiology, 22, 398 
(May). 16 refs. 

Lactate, pyruvate and excess lactate production in anesthetised man. GREENE, 
N. M. (1961) Anesthesiology, 22, 404 (May). 60 refs. 

The rate of rise of Pacoz on the apneic anesthetised patient. EGER, £. 1. and 
SEVERINGHAUS, J. W. (1961) Anesthesiology, 22, 419 (May). 31 refs. 

Anesthesia LXII: The effect of hexafluorodiethyl ether on brain cholinesterase 
activity. LING, A. 8. C., BELL, F. K. and KRANTZ, J. C. (1961) Anesthesiology, 
22, 426 (May). 12 refs. 


RESUSCITATION 


Investigation of upper airway problems in resuscitation. I. Studies of pharyngeal 
X-rays and performance by laymen. RUBEN, H. M., ELAM, J. O., RUBEN, A. M. 
and GREENE, D. G. (1961) Anesthesiology, 22,271 (March). 21 refs. 

Acomparison of open-chest and closed-chest cardiac massage in dogs. REDDING, 
J. 8. and COZINE, R. A. (1961) Anesthesiology, 22, 280 (March). 2 refs. 

Intrathoracic pressure during intermittent positive-pressure respiration. OPIE, 
L. H., SPALDING, J. M. K. and SMITH, A. C. (1961) Lancet, i, 911 (April 29). 
20 refs. 

Closed chest cardiac resuscitation. BAHNSON, H. T. (1961) Surg. Gynec. Obstet., 
112, 622 (May). 

The role of electrical pacemakers in the treatment of unexpected cardiac arrest. 
STARZL, T. E. (1961) Surg. Gynec. Obstet., 112,624 (May). 


Mouth to nose resuscitation during convulsive seizures. ELAM, J. O. et al. (1961) 
J. Amer. med. Ass., 176, 565 (May 20). 5 refs. 

Ventilation and circulation with closed-chest cardiac massage in man. SAFAR, P. 
et al. (1961) J. Amer. med. Ass., 176, 574 (May 20). 10 refs. 

Serial microhematocrit determinations in evaluating blood replacement. 
JACOBS, R. G., HOWLAND, W. S. and GOULET, A. H. (1961) Anesthesiology, 
22, 342 (May). 14 refs. 


TREATMENT AND MEDICATION 


Discussion on fluid and electrolyte problems in abdominal emergencies. 
LE QUESNE, L. P. and HORSEY, P. J. (1961) Proc. Roy. Soc. Med., 54, 269 
(April). 14 refs. 

Treatment of acute experimental carbon-monoxide poisoning with oxygen under 
pressure, LAWSON, D. D., MCALLISTER, R. A. and SMITH, G. (1961) Lancet, 
i, 800 (April 15). 9 refs. 

Inhalational therapy, advances and retreats. BARACH, A. L. (1961) Anesthesi- 
ology, 22, 367 (May). 60 refs. 
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Correspondence 


VACANCY IN INDIA 


The Editor, Anasthesia 
Sir, 

May I ask you to make known a vacancy at the Christian Medical College, 
Ludhiana, Punjab, India? 

I am due for furlough next year and we will require a temporary anesthetist for 
a period of twelve to eighteen months from next autumn 1962. It should be clear 
that the appointment would be on a mission basis as regards salary and that the 
post would not suit anyone who is not in sympathy with the Christian aims of the 
Institution. He should be well qualified, with the FFARCS as we have started 
training candidates for the Punjab pA and possibly, by that time, will be training 
for the Ms(Anzs) too. 

We also require a permanent anesthetist on the same terms, although good 
teaching experience will be required too, and anyone able to come by early 1963 
would make a temporary appointment unnecessary. Applicants may write to me. 

Hoping you are able to help us, 


Yours faithfully, 
F. N. Prior 


THE CLASSIFICATION OF VENTILATORS 


The Editor, Anesthesia 
Sir, 

I was interested in Dr Hunter’s paper on the above subject, in the April 1961 
issue of Anesthesia, in which he distinguishes between two groups of ventilators: 


Group 1. Those which can compensate for a change in compliance or resistance, 
but not for a leak. 


Group 2. Those which can compensate for a leak, but not for a change in 
compliance or resistance. 


This distinction was, of course, first made by Rattenborg! in 1956 who equated the 
first group with ‘volume-cycled’ ventilators and the second group with ‘pressure- 
cycled’ ventilators - which was essentially sound at the time. Now that there are 
many time-cycled ventilators available, I understand Dr Hunter to be suggesting 
that the first group should be equated with ‘volume-preset’ and the second with 
“‘pressure-preset’. 

I would agree that nearly all ventilators can be unambiguously classed as either 
‘volume-preset’ or ‘pressure-preset’, but I do not think these classes always 
coincide respectively with Groups 1 and 2. Indeed, when I discussed this problem 
at some length? in 1959, I pointed out a number of exceptions which can be 
summarised as follows: 

1 Volume-cycled pressure generators (the Drager Pulmomat, Emerson Con- 
troller-Assistor, Mortimer, Roswell Park and Stephenson Ventilators) would 
now be classed as ‘volume-preset’; but when the compliance decreases or the air- 
way resistance increases, these ventilators take longer to deliver their tidal volume 
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so that the rate and the total ventilation fall. However, the effect is small if, as in 
the examples quoted, the generated pressure is high. 

2 A ventilator which operates as a pressure-cycled flow generator in both 
phases (Morch I) would be classed as ‘pressure-preset’. When presented with a 
decrease in compliance such a ventilator would indeed suffer a fall in tidal 
volume; but it would also produce a precisely compensating rise in rate, thereby 
maintaining the original total ventilation — although, of course, the effective 
ventilation may fall. 

3 There is a group of closed-circuit ventilators which are volume- or time- 
cycled in both phases, which operate as flow generators in both phases and in 
which excess gas is vented through a blow-off valve (Clutton-Brock, James, 
Rand-Wolfe). These would all be classed as volume preset (since a fixed flow fora 
fixed time delivers a fixed volume) and the total ventilation delivered will indeed 
be unaffected by lung characteristics, and it would be expected that there could be 
no compensation for a leak. But, in fact, if the fresh-gas flow to the patient circuit 
is substantial, a moderate leak will merely take over the function of the blow-off 
valve and leave the total ventilation still unaltered. 

Finally, it may be pointed out that in a ‘pressure preset’ ventilator the pressure 
which is preset is usually somewhere in the ventilator, so that if the leakage occurs 
around the cuff on the tracheal tube, it is possible that a large part of the preset 
pressure will be used in driving the leakage flow between the point at which the 
pressure is preset and the point at which the leakage occurs. In this case the tidal 
volume and total ventilation will not be maintained. 

Perhaps these exceptions are of minor degree or occur in ventilators that are 
not in common use. If this is so, it may be a useful rule of thumb for the time 
being to regard ‘volume preset’ ventilators as being able to compensate for 
changes in lung characteristics, but not for leaks, and vice versa for ‘pressure 
preset’ ventilators. However, it should be borne in mind that this is not universally 
true and that the effect of a leak or a change in lung characteristics on the 
performance of a particular ventilator cannot be accurately deduced except from 
a full functional specification of the ventilator. 

Yours faithfully, 
W. W. Mapleson 
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Book Review 


ANESTHESIA AND THE LAW* 
CARL ERWIN WASMUTH 


Pp. xiv+105. Charles C. Thomas, Springfield, Illinois, USA and Blackwell 

Scientific Publications Ltd, Oxford. Price 40s. 
There are not many doctors who are qualified in law and still fewer anzsthetists, 
so that Dr Wasmuth is in the almost unique position of being able to write 
authoritatively on this important, but neglected subject. It is true that the book is 
based on American law, which is by no means identical with the British variety, 
but the principles are the same and should be familiar to every practising 
anzsthetist. 

The medical profession in the United States finds itself in much the same 
plight as its opposite number here, in that its prestige is diminishing and its 
members are becoming ever more likely to be sued for alleged malpractice or 
negligence. It is well to know the risks that we run, and readers of this book may 
be shocked by their number, but herein lies a subtle danger. There is an under- 
standable tendency to avoid an anesthetic technique which has led to unpleasant 
medico-legal consequences in the past and to substitute an alternative one which 
is ‘nearly as good’ for the patient. If this temptation is not resisted, the anesthetist 
will inevitably drift into the position of putting his own interests before his 
patients’. At the same time, every reasonable precaution must be taken, and these 
are dealt with in a most practical manner. 

There is a good index, the book is very well presented and it is listed as No. 448 
of the American Lecture Series. 


* The subject is also referred to in the Editorial of this issue. (Editor Anesthesia) 
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ADVERTISEMENT ANASTHESIA 


| PENTOTHAL 


in disposable rectal syringe 


A new dosage form of Pentothal is now available — Rectal 
Pentothal Suspension—supplied in a disposable syringe. This is 
a specially designed plastic syringe called the Abbo-Sert which 
is ready for immediate use. It is provided with two detachable 
rectal applicators. Rectal Pentothal Suspension in the Abbo- 
Sert offers significant advantages: 


© No necessity to prepare the drug. 
Smaller volume of drug. 
No need for bowel preparation. 
Obviates the need for buttock strapping. 
Absorption uniform. 
© Onset of action gradual and consistent. 
Pentothal is the original form of Thiopentone Sodium B.P. and 
was developed by Abbott nearly 25 years ago. 
New Rectal Suspension is a useful addition to the existing range 
of Pentothal dosage forms. 


ABBOTT LABORATORIES LTD - LONDON - wal ; 
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The Journal of 
The American Society of Anesthesiologists, Inc. . . . 


ANESTHESIOLOGY 


is published bi-monthly 


EDITORIAL BOARD and consists of original 


Editor articles, both clinical and 

JAMES E. ECKENHOFF,.. experimental; editorials; 
Associate Editors review articles; current 
comments; case reports; 
STEVENS J. MARTIN, mo. abstracts of the current 
JOHN W. PENDER, Mo. literature, and book reviews. 


NEW SUBSCRIPTIONS are entered to commence with the current issue, but 
single copies of back issues may be purchased for $2.00 each, if available. 
Present non-member subscription rate : $11.00 a year, including postage to your 
side of the Atlantic. Arrangements may be made through your bank for 
remittance in U.S. funds payable through a bank in the U.S. When completing 
the order form be sure that the name and address are legibly printed or typed. 


ANESTHESIOLOGY 

Attention : Circulation Manager 

3 PENN CENTER PLAZA PHILADELPHIA 2, Pa., U.S.A. 

Please enter my subscription to ANESTHESIOLOGY, effective with the current 


issue, for which ( ) 1 am enclosing a draft for $11.00 in U.S. funds 
(_ ) kindly send me your invoice 


The Journal is to be addressed: 
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Obituary 


Dr Marcel Junod died at Geneva on 16th June 1961 aged fifty-seven. He was born 
in Neuchatel and became a graduate in medicine in 1929. During the Italo- 
Abyssinian War he organised a medical service at the request of the International 
Committee of the Red Cross. Soon after this he went to Spain during the Civil War 
as the delegate-general of the same committee. In the subsequent Second World 
War he led various missions to the combatant countries of both sides, in the 
course of which he endured much hardship and danger. It is, in fact, probable 
that he had the doubtful privilege of experiencing air raids in more cities than 
anyone else. He was one of the first Europeans to enter Hiroshima after its 
destruction by an atom bomb. These arduous activities affected Dr Junod’s 
health and he decided to specialise in anesthetic practice as being a rather more 
peaceful occupation. He studied at the Middlesex Hospital, was elected FFARCS 
in 1954 and became Director of the Department of Anesthesia at the Cantonal 
Hospital in Geneva. He was a Corresponding Fellow of the Association of 
Anesthetists. Dr Junod translated his high ideals into practice by sheer hard 
work, patience and an entire disregard of danger and discomfort. We salute his 
memory. 
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Association News 


The Annual Meeting 1962, will be held in Harrogate from 8th to 10th November. 


Committee on deaths associated with anesthesia. Since the publication of the report 
on the first 1,000 deaths recorded, the committee has scrutinised a further 600 
records and will be preparing a further report on records received to date. When 
this has been received, Council will consider the desirability of continuing an 
investigation of this kind, and if necessary appoint a sub-committee to explore 
lines which a new enquiry might follow. No further record forms are, therefore, 
being issued. 


Professor Mario d’Almeida of Rio de Janeiro, who holds the only Chair of Anzs- 
thetics in South America, has been created a CBE. Professor d’ Almeida did post- 
graduate work in the Departments of Anesthetics at the London Hospital and 
Oxford, and was the first South American to be awarded the FFA of the Royal 
College of Surgeons. He has for long been on the staff of the Strangers Hospital 
in Rio de Janeiro, and during the war years and since, has done valuable work 
for the British community in that city. He is a Corresponding Fellow of the 
Association of Anesthetists and we have pleasure in congratulating him on his 
honour. 


Dr T. J. Gilmartin, Dean of the Faculty of Anesthetists of the Royal College of 
Surgeons in Ireland, represented the Association at the 11th Congrés Francais 
d’Anesthesiologie. The Congress, which was held in Nancy, from the 17th to 21st 
May, had over 100 contributors to the scientific sessions. Two days were devoted 
to papers on anesthesia for ‘the Surgery of Infants’ and ‘Protein Replacement 
Therapy’. The subsequent sessions were occupied with papers on a variety of 
subjects under the title of ‘Free Communications’. The official banquet in the 
Grands Salons de I’H6tel de Ville and ‘Souper de gala’ at the Chateau de Ducs 
de Lorraine, Lunéville, were the highlights of practically a full week of social 
functions. 


This Congress held each year in a different town in France, preferably a 
University centre, is one which offers anesthetists an excellent scientific pro- 
gramme, a very friendly atmosphere, well organised tours to centres of historical 
interest and everything that a gourmet could desire. Although essentially a 
reunion of French doctors engaged either fully or partially in the specialty of 
anesthetics, colleagues from other countries, particularly from Great Britain and 
Ireland could be assured of a warm welcome. 


Faculty News 


Bernard Johnson Memorial. On Wednesday 28th June 1961, in the presence of 
‘Mrs Johnson, Sir Miles and Lady Clifford, representatives of the Middlesex 
Hospital and the Board of Faculty of Anzsthetists, Mr J. B. Kinross formally 
unveiled the memorial plaque to the late Bernard Johnson in the main laboratory 
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of the Research Department of Anesthetics of the Royal College of Surgeons of 
England. 

Dr Geoffrey Organe, Dean of the Faculty, opened the ceremony with a 
reminder of the great services rendered to anesthesia and to the Faculty by 
Mr Bernard Johnson. He then called upon Mr J. B. Kinross to unveil the 
commemorative plaque. 

Mr Kinross spoke as follows: 


I feel greatly honoured to have been asked to unveil this plaque to my friend, Bernard 
Johnson. 

I only knew him for the last five years of his life, but, during those years, I came to 
know him intimately and it is due to him that I owe my interest in medical research. 

This Department of Anesthesia was his conception, and it is absolutely true to say 
that, but for him, there would be no such department in existence. Having persuaded 
his colleagues of the need, he proceeded to raise the necessary money ~ a self-imposed 
task which might well have been considered impossible. In just over two years of 
tremendous effort, he gathered together £120,000 and this Research Department came 
into being. 

But Bernard’s work for anesthesia went far beyond this. He undertook lecture, 
demonstration and teaching tours throughout the Commonwealth and in Europe, and 
undoubtedly he did a great deal to raise the standards of anesthesia throughout much 
of the world. His conviction that British anesthesia was the best in the world was 
absolute, his determination that it should remain so and that it must be given every 
facility to grow became the task to which he devoted all his energy. 

He was also deeply interested in educational work and it is fitting ‘hat, apart from this 
plaque, the funds of the Bernard Johnson Memorial Fund should be used to endow in 
perpetuity the Tutorship for Postgraduate Students. 

There is no memorial, I think, which would have pleased him more than this tutorship. 
For him, there was only one standard and that was perfection. He felt that it was not 
enough for a student to know ‘how’ — he must also know ‘why’. He was one of the most 
unselfish men I have ever known and he drove himself in the cause in which he believed 
so completely that in the end he gave his life for it when he was only 54. 

Most of us who are here knew Bernard and were his friends, and we rejoice to have 
this permanent memorial with its fitting inscription, to a man who thought and 
planned for his profession on far-seeing and generous lines and who, by any standards, 
was a great man. 

Of one thing I am certain: namely that Bernard would be both proud and happy to 
see this department, as it is today, under the direction of his friend Ronnie Woolmer. 


The plaque was then unveiled. It was made by Messrs John Pinches, of carved oak, 
with lettering in gilt and with an inset portrait in bronze of Bernard Johnson. The 
lettering reads: 
BERNARD JOHNSON . 1905-1959 
FRCS, FFARCS, HON.FFARACS 
DEAN, FACULTY OF ANAESTHETISTS * 1952—1955 
A Devoted Servant of Anesthesia 


Bernard Johnson Memorial Fund: The total of the fund at its closing date was 
£4,500. It is hoped that by careful investment the fund will, in a comparatively 
short time, be able to provide the income required to establish the Bernard 
Johnson Anesthetic Tutorship, the principal object for which the fund was 
created. 


Examinerships. The following have been elected examiners at the primary and 
final FFARCS examinations for the year 1961-2: 
Primary Examination 
ANATOMY Professor W. W. Mushin 
Professor G. A. G. Mitchell 


PHYSIOLOGY Professor E. A. Pask 
Professor W. R. Spurrell 
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PHARMACOLOGY Professor T. C. Gray 
Professor C. A. Keele 


PATHOLOGY Professor H. A. Magnus 
Dr J. L. Pinniger 


Final Examination 
MEDICINE Dr W. E. Lloyd 


ANASTHETICS Professor R. F. Woolmer 
Dr C. Langton Hewer 
Dr H. J. Brennan 
Dr A. J. W. Beard 
Dr W. D. Wylie 
Dr A. H. Galley 
Dr A. I. Parry Brown 
Dr R. Bryce-Smith 
Dr G. Jackson Rees 
Mr Frankis T. Evans 
Dr G. S. W. Organe 
Dr J. A. Lee 


Primary FF ARCS: Thirty-three of the one hundred and ninety-five candidates at 
the examination held in June were approved. 


Final FFARCS: At its meeting on 3rd August 1961, the Council of the Royal 
College of Surgeons of England approved the award of the Diploma of Fellow in 
the Faculty of Anesthetists to the following candidates. Two additional can- 
didates were successful, but have not yet complied with the regulations. 


Graham, Reginald Edgar McKenzie, Ray Paymaster, Nalin 
Roberts, Robert Bryan Macnab, Graham William Jagmohandas 
Writer, William Desmond Seelye, Eva Ruth Fadl, El Tahir 
Russell Burn, James Mervyn Ganendran, Arumugam 
Kabir, Syed Ahmed Barnett Gillett, George Bryan 
Cochran, Ian McIntosh Butler, Robert Anthony Jennings, Alan Maurice 
Cooke, Barbara Way Chandra, Phool Charles 
Gibson, Robert Ernest Davie, John Paterson Schroeder, Harry Glynne 
Craig Ma, Shu Poh Bland, John Hopkyn 
Allison, Jean Marie Murray, Niall Patrick Lloyd 
Friendship, Colin James Voysey, Margaret Mary Dreosti, Aldo Victor 
Gardiner, Alan Seath Jepson, Bridget Alison Foster, Bruce 
Pirie, Bruce Geddes Lutchman, Stanley Hart, Seamus Murray 
Kaminer, Mendel Sivsundar Nightingale, David 
Lloyd, Charles Geoffrey Maxwell, Donald Charles Anthony 
Steele, Robert Ernest Ormston, Thomas O'Donnell, James Francis 
Bodley, Peter Owen, Ormston Grundy Waldron, Bryan le Gros 


Faculty of Anzsthetists, Royal College of Surgeons in Ireland 


Dr S. H. S. Love, and Dr Sheila Kenny have been re-elected to the Board of the 
Faculty. 

The Annual General Meeting of the Faculty was held in the College on Saturday 
3rd June. Before the meeting the President of the College Mr T. G. Wilson 
conferred the Fellowship in the Faculty on the following: H. E. Bell, Durham; 
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a time for relaxation... 


A short time or a long time for muscular 


relaxation ? B.W.& Co. provide a product 
for each need : 


AN ECTI E Injection of Succinylicholine Chloride 


The first choice for procedures requiring rapid muscular 
relaxation of brief duration. 


TU BARI E Preparations of Tubocurarine Chloride 


The most widely-used muscle relaxant ; unsurpassed for 
prolonged procedures, and where profound relaxation 
is required. 


B.W.&CO. Muscle Relaxants 


BURROUGHS WELiCOME & CO. (ihe Wellcome Foundation Ltd.) LONDON 
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STATUS ASTHMATICUS, ACUTE HAY FEVER, 
for IMMEDIATE use in | attercic EMERGENCIES, TRAUMATIC SHOCK, 
EMERGENCY SURGERY, FULMINATING INFECTION 


for immediate relief (injected locally) 
in Rheumatoid Arthritis and Acute Bursitis 


Injection ‘CODELSOL’ is a sterile solution (not a suspension) 
of prednisolone 21-phosphate, READY FOR IMMEDIATE INJECTION 
intravenously, intramuscularly or intrasynovially, without 
further mixing or dilution. 

Since refrigeration is not required, Injection ‘CODELSOL’ can 
be carried in your bag, ready for immediate use. 

Injection ‘CODELSOL’ may be administered through a 
small-bore needle; response is very rapid and an adequate 

dose is contained in a small volume of solution. 

Injection ‘CODELSOL’ may be life-saving in your patient. 
How supplied; Injection ‘CODELSOL!’ is supplied in 2 ml. vials 

containing 20 mg. prednisolone 21-phosphate per mil. 

Literature will gladly be supplied on request. 


Injection ‘CODELSOL’ 


(PREDNISOLONE 21-PHOSPHATE, Sterile Solution of Prednisolone) 


0) MERCK SHARP & DOHME LIMITED, HODDESDON, HERTS 
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G. W. Black, Belfast; J. K. Black, Hoylake; A. Blayney, Dublin; J. P. Conroy, 
Dublin; D. F. Cuniffe, Blackburn; B. J. Daly, San Diego; 1. Davidson, Whitefield; 
E. J. Delaney, Dublin; D. Donovan, Dublin; P. A. Forster, Stellenbosch; J. D. 
Gaffney, Dublin; W. R. Gilmore, Belfast; A. J. Healy, Swansea; S. Hoffman, 
Johannesburg; N. Jafry, Chelsea; W. R. Lamb, Londonderry; P. V. Lang, Lough- 
borough; J. G. Lomaz, New South Wales; J. Lynham, Dublin; L. McArdle, 
Belfast; J. McAuley, Poulton-le-Fylde; P. McGarry, Manitoba; 1. D. Michie, 
Bulawayo ;\W.F. Morrow, Banbridge ; C. Moss, Cape Town; S. Murphy, San Diego; 
A. O'Connor, Dublin; K. O'Sullivan, Dublin; A. Owen-Flood, London; J. 
Ozinsky, Cape Town; F. W. Parke, Worcester; S. Ponnambalam, Colombo; 
Y. K. Poon, Hong Kong; D. Power, Montreal; M. Prosad, Bihar; 1. Radcliffe, 
Sydney; H. Raftery, Dublin; D. Schmahmann, Durban; D. Verley, Kingston; 
R. D. Walsh, Cork; K. H. Wayburne, Johannesburg; F. de Burgh Whyte, Dublin; 
D.S. Wilson, Londonderry. 

The President conferred the honour of Honorary Fellowship on Sir Ivan Magill, 
KCVO, who was presented by Dr Sheila Kenny. 

The Dean of the Faculty Dr T. J. Gilmartin presided at the Annua! General 
Meeting and reported on the progress of the Faculty since its inauguration. It was 
announced that regulations for the Primary and Final FFA examinations had 
been submitted by the Board and approved by the President and Council of the 
College, and arrangements had been completed for the Primary Examination of 
the Fellowship to be held on 13th November 1961. 

In the afternoon a scientific meeting was held on the subject of ‘Obstetrical 
Anesthesia’. The Vice-Dean Dr V. O. McCormick presided and the contributors 
to the symposium were A. D. H. Browne, MD, FRCOG, Master of the Rotunda 
Hospital, Dublin; Arthur P. Barry, MD, FRCOG, ex-Master of the National 
Maternity Hospital, Dublin; R. J. Hamer Hodges, FFaArcs, Portsmouth; 
John Dundee, FFARCS, Belfast; and G. A. G. Armstrong, MB, DA, Mid-Ulster 
Hospital. 

One hundred and fifty Fellows and guests were present in the evening at the 
First Annual Dinner of the Faculty which was held in the Banqueting Room of 
the College. Among the distinguished guests were the President of the College, 
Mr T. G. Wilson and Mrs Wilson, Sir Ivan and Lady Magill, and the President 
of the Association of Anesthetists of Great Britain and Ireland, Dr Ronald 
Jarman and Mrs Jarman. 


Published by 
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SUGGESTIONS TO CONTRIBUTORS 
Original articles, ‘New Inventions’ efc. are accepted for publication on the understanding 
that they are contributed exclusively to ‘Anaesthesia’ and become the property of the 
Association of Anesthetists. Articles are subject to such alterations as the editor may 
deem necessary, but no major alterations will be made without the author’s consent. 


PREPARATION OF ARTICLES 
Articles should be typewritten on one side of the paper only, and should be double spaced. 
Margins of 14” should be left on both sides of the typescript. Corrections should be made 
in ink and should be legibly written. The first sheet of the article should contain only 
the following details: title of the article; the author’s name and the higher of his degrees 
and diplomas; his present or immediate past appointment; the address to which proofs 
of the article should be sent. 


TITI_ES OF ARTICLES Should be restricted to five words. If this is impossible, a subsidiary 
title of not more than twelve words can be inserted. A more detailed description of the 
scope of the article can be given in the first paragraph of the text. 


HEADINGS IN THE TEXT are useful to ‘signpost’ the arguments elaborated in the article. 
They should be brief and clearly defined in the typescript. Main headings should be typed 
in capitals, and subsidiary headings should be typed in small letters and underlined. No 
heading should appear in the text until after the first or second paragraph. The numbering 
of headings and paragraphs is not recommended. 


THE USE OF FIGURES in articles should be watched carefully. Where statistics are given 
in the text of the article, figures should be used; likewise the measurements of drugs 
should be given in figures. But phrases such as ‘After three days’, ‘ten minutes later’ efc. 
should be given in words. 


DRUG NAMES AND MEASUREMENTS. The established practice is to use the BPC 
Approved Name for all drugs and not the chemical or trade name. The only exceptions 
are when a drug has not been named by the BPC and in the case of certain unusual drugs, 
the trade name may be given in parenthesis after the approved name, e.g. hyoscyamine 
(Bellafoline). The dose of drugs efc. should be given in metric quantities, except for drugs 
commonly prescribed in avoirdupois measures. In these instances the metric equivalent 
should be given in parenthesis. 


REFERENCES to the literature should be clearly indicated in the text by superior 

figures (*) and should be set out fully in numerical order on the following system: 
| ANGLEY, J. N. (1919). J. Physiol., 53, May, 120. 

The list of references should form the last sheets of the article. 


ILLUSTRATIONS. Line drawings, charts and diagrams should be made in black indian 
ink on smooth white card and should be approximately 64” wide. Reversed drawings 
(white lines on a black background) are not suitable. Any necessary lettering should be 
drawn in plain block capitals. Photographs should be strong black and white prints on 
glossy paper. All important details should be very lightly marked on the back of the print 
with a soft pencil. This should be done on a hard surface such as the glass of an X-ray 
viewer. The use of ball point and fountain pens, rubber stamps, hard pencils and 
typewriters on the back of the print cause damage and show in the reproduction. The use 
of paper clips should be avoided. A typed slip containing the following details should be 
attached to the back of all illustrations: author’s name and title of article and the figure 
number. This slip should be attached with self adhesive tape. 


CAPTIONS TOILLUSTRATIONS should be brief, but sufficient to describe the illustration. 
They should all be typed on one sheet and included after the references. 


EXCERPTS 
Authors of original articles are supplied with fifty copies of their article free of charge. 
Where there is more than one author, the copies will be sent to the first named author 
unless other instructions are sent to the publishing office in advance of publication. Ex- 
cerpts cannot be provided for ‘New Inventions’ or correspondence, though reprints can. 


REPRINTS 
Reprints of articles, ‘New Inventions’ and correspondence can be provided at agreed 
prices. They should be ordered on the card enclosed with the proofs. Orders should be 
sent direct to the printers, if possible before publication. Orders for reprints sent in more 
than three months after publication day cannot be supplied at the agreed prices and are 


subject to quotation. 
Communications to the printers should be addressed: George Pulman & Sons, Ltd., 
24 Thayer Street, London WI. 
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RESEARCH PRIZES - 1962 


The Association of Anzsthetists of Great Britain and Ireland is offering 
three prizes annually (of £100, £50 and £25) for papers based on research 
in anesthesia or related subjects. Entrants need not be members of the 
Association, but the work described must have been carried out in Great 
Britain, Ireland or the British Commonwealth. Papers shall not exceed 
5,000 words in length and shall be typewritten in English. Three copies of 
the essay shall be submitted. 

Papers must be original, and refer to work which has not previously been 
published, though an exception to this rule will be made in the case of 
papers which have been published in the journal ‘Anesthesia’ during the 
preceding year. Prize winning entries will become the property of the 
Association. 

The Council of the Association of Anesthetists reserves the right to 
withhold all or part of any of the prizes and the decision of the Council in 
all matters relating to the prizes shall be final. Essays shall be submitted to 
the Honorary Secretary of the Association of Anzsthetists of Great 
Britain and Ireland, 47 Lincoln’s Inn Fields, London WC2, on or before 
30 March 1962. 


RESEARCH TRUST FUNDS 


The Council of the Association will be pleased to consider applica- 
tions from Fellows and Members needing financial assistance for 
educational or research purposes. Applicants for travel grants 
should state the objects of their proposed visits and submit detailed 
itineraries. Applicants for grants for research should state not only 
the objects of their investigations but also their proposed methods 
of experimentation. In all cases applicants should provide evidence 
that they have been unable to procure any or all of the necessary 
assistance from local sources. Any apparatus acquired through 
this fund remains the property of the Association and must be 
made available for the use of other Fellows or Members if 
subsequently required. 
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Journal of the International Anesthesia Research Society — Enlarged and Modernized 


@ 50 to 80 of scientific material by © Color and cartoons, for 


© A capsule review of all scientific articles © A review of new drugs and equipment. 


at a glance. 

© Office hints, material for your secretary, 
© Strictly Personal—a column of opinion writ- book reviews. 
ten by anesthesiologists for anesthesiologists. 


© Comprehensive biographies of the leaders 
News about people you know. anesthesiology. 


International Anesthesia Research Society and 
Anesthesia and Analgesia - - - Current Researches 


Membership Application and Subscription Blank 


A. William Friend, M.D., Executive Secretary 
Wade Park Manor, Cleveland 6, Ohio, U.S.A. 
I enclose my check( )  moneyorder( ) for $15.00. Enter my Membership 
for the Society ) and Subscription to the Journal (_ ). 
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